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AMENDED APPEAL BRIEF 

Sir: 

Appellants submit this Amended Appeal Brief in response to the Notification of Non- 
Compliant Amendment mailed on July 26, 2006 and in support of the Notice of Appeal filed on 
March 3, 2006. This Appeal is taken firom the Final Rejection dated October 5, 2005. 

1. Real Party in Interest 

The real party in interest for the above-identified patent application on appeal is 
BIODOME by virtue of an Assignment dated February 18, 2002 and recorded at the United 
States Patent and Trademark Office at reel 013366, frame 0889. 

n. Related Appeals And Interferences 

Appellants, Appellant's legal representative and the Assignee of the above-identified 
patent application do not know of any prior or pending ^peals, interferences or judicial 
proceedings which may be related to, directly affect or be directly affected by or have a bearing 
on the Board's decision with respect to the above-identified Appeal. 
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III. Status of the Claims 

Claims 1-13 are pending in the above-identified patent application. Claims 1-13 stand 
rejected. Therefore, Claims 1-13 are being appealed in this Brief. A copy of the appealed claims 
is attached in the Claims Appendix. 

IV. Status of the Amendments 

No amendments were made in this application after the final rejection. 
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V. Summary of the Claimed Subject Matter 

A summary of the invention by way of reference to the drawings and specification for 
each of the independent claims (Claims 1, 12 and 13) may be found in the Table below: 



Claim 1 


Figures 


Specification 


Device for connection between a closed 
recipient and a container, said closed recipient 
comprising a neck whose opening is closed by 
a stopper, said connection device comprising: 
a base adapted to be mounted on said 
recipient and comprising a sleeve fomiing an 
inner bore (A), and 


Fig. 2 


129 


a plunger adapted to slide in said bore, 
between a first position disengaged with 
respect to said stopper and 


Fig. 2 


T[13, absttact 


a second so-called position of transfer, in which a 
hollow needle belongmg to said plunger, traverses 
said stopper, 


Fig. 7 


|35 


wherein said needle presents a non-circular outer 
cross-section, while said sleeve presents a 
likewise non-circular inner cross-section, the 
outer section of said needle and inner section of 
said sleeve being such that said needle can slide 
in said sleeve, without the possibility of rotation 
of said needle in said sleeve, and 


Fig. 3 
Fig. 8 


18,9 


an edge of said sleeve opposite said stopper is 
provided with stop means adapted to cooperate 
with a complementary means provided on said 
plunger to lock it in position of transfer. 


Fig. 6 
Fig. 7 


135 
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Claim 12 






Ready-to-use assembly comprising a 
closed recipient containing a product, particularly 
a pharmaceutical preparation, said recipient being 
provided with a neck whose opening is closed by 
a stopper, and a connection device according 
mounted on said recipient, the connection device 
comprising: 

a base adapted to be mounted on said recipient 
and comprising a sleeve forming an inner bore 
(A), and 


Fig. 2 


1129 


a plunger adapted to slide in said bore, 
between a first position disengaged with respect 
to said stopper and 


Fig. 2 


If 13, abstract 


a second so-called position of transfer, in 
which a hollow needle belonging to said plunger, 
traverses said stopper, 


Fig. 7 


1135 


wherein said needle presents a non- 
circular outer cross-section, while said sleeve 
presents a likewise non-circular inner cross- 
section, the outer section of said needle and inner 
section of said sleeve being such that said needle 
can slide in said sleeve, without the possibility of 
rotation of said needle in said sleeve, and 


Fig. 3 
Fig. 8 


18,9 


an edge of said sleeve opposite said 
stopper is provided with stop means adapted to 
cooperate with a complementary means provided 
on said plunger to lock it in position of transfer. 


Fig. 6 
Fig. 7 


135 
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Claim 13 






A connection device for connecting a 
closed recipient and a container, the closed 
recipient comprising a neck having an opening 
closed by a stopper, the connection device 
comprising: 

a base configured to be mounted on the recipient 
and having a sleeve forming an inner bore; and 


Fig. 2 


1129 


a plunger having a hollow needle, the 
plunger adapted to slide in said bore between a 
first position disengaged with respect to said 
stopper, 


Fig 2 


13, abstract 


and a second position, wherein the hollow 
needle traverses said stopper. 


Fig. 7 


1135 


wherein said needle has a non-circular 
outer cross-section and said sleeve has a non- 
circular inner cross-section, the outer section of 
said needle and the inner section of said sleeve 
dimensioned such that said needle can slide in 
said sleeve without the possibility of rotation of 
said needle in said sleeve. 


Fig. 3 
Fig. 7 


135 



Although the citations are given in accordance with C.F.R. 1.192(c), these reference 
numerals and citations are merely examples of where support may be found in the specification 
for the terms used in this section of the Brief. There is no intention to suggest in any way that 
the terms of the claims are limited to the examples in the specification. As demonstrated by the 
references, numerals and citations below, the claims are fully supported by the specification as 
required by law. However, it is improper under the law to read limitations from the specification 
into the claims. Pointing out specification support for the claim terminology as is done here to 
comply with rule 1.192(c) does not in any way limit the scope of the claims to those examples 
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from which they find support. Nor does this exercise provide a mechanism for circumventing 
the law precluding reading limitations into the claims from the specification. In short, the 
references, numerals and specification citations are not to be construed as claim limitations or in 
any way used to limit the scope of the claims. 

VI. Grounds of Rejection to be Reviewed on Appeal 

1. Claims 1-8, 10, 12 and 13 stand rejected under 35 U.S.C. §103(a) as unpatentable 
over Aneas WO 98/13006 in view of Hiblar et al. US 2002/0072706 or Parker et al US 
2003/0093037. 

2. Claims 1-8, 10, 12 and 13 stand rejected under 35 U.S.C. §103(a) as unpatentable 
over Aneas WO 98/13006 in view of Parker et al US 2003/0093037. 

3. Claim 11 stands rejected under 35 U.S.C. § 103(a) as unpatentable over Aneas 
WO 98/13006 in view of Hiblar et al. US 2002/0072706 or Parker et al US 2003/0093037 and 
fiirther in view of Thibault WO 99/53886. 

4. Claim 9 stands rejected under Aneas WO 98/13006 in view of Hiblar et al. US 
2002/0072706 or Parker et al US 2003/0093037 and further in view of Manera US Patent 
6,706,031. 

VII. Argument 

A. Legal Standards 

35 U.S.C. §103(a) states that: 

A patent may not be obtained.... if the differences between the 
subject matter sought to be patented and the prior art are such that 
the subject matter as a whole would have been obvious at the time 
the invention was made to a person having ordinary skill in the art 
to which said subject matter pertains. 

In making a determination that an invention is obvious, the Patent Office has the initial 
burden of estabUshing a prima facie case of obviousness. In re Rijckaert, 28 U.S.P.Q.2d 1955, 
1956 (Fed. Cir. 1993). "If the examination at the initial stage does not produce a prima facie case 
of unpatentability, then without more, the applicant is entitled to grant of the patent." In re 
Oetiker, 24 U.S.P.Q.2d 1443, 1444 (Fed. Cir. 1992). 
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To establish a prima facie case of obviousness, three basic criteria must be met. First, 
there must be some suggestion or motivation, either in the reference or references themselves or 
in the knowledge generally available to one of ordinary skill in the art, to modify the reference or 
to combine reference teachings. In re Fine, 5 U.S.P.Q.2d 1596 (Fed. Cir. 1988), Second there 
must be a reasonable expectation of success. In re Merck & Co., Inc., 231 U.S.P.Q. 375 (Fed. 
Cir. 1986) Finally, all of the claim limitations must be taugjit or suggested by the prior art. In re 
Royka, 180 U.S.P.Q. 580 (CCPA 1974). 

The initial burden is on the examiner to provide some suggestion of the desirability of 
doing what the inventor has done. To support the conclusion that the claimed invention is 
directed to obvious subject matter, either the references must expressly or impliedly suggest the 
claimed invention or the examiner must present a convincing line of reasoning as to why the 
artisan would have found the claimed invention to have been obvious in hght of the teachings of 
the references. M.P.E.P. 2142 Moreover, a statement that modifications of the prior art to meet 
the claimed invention would have been "well within the ordinary skill of the art at the time the 
claimed invention was made" is not sufficient to estabhsh a prima facie case of obviousness 
without some objective reason to combine the teachings of the references. M.P.E.P. 2143.01. It 
is "impermissible to use the claimed invention as an instruction manual or 'template' to piece 
together the teachings of the prior art so that the claimed invention is rendered obvious." In re 
Fritch, 23 U.S.P.Q.2d 1780, 1784 (Fed. Cir. 1992). 

B. The Rejection of Claims 1-8. 10, 12 and 13 Under 35 U.S.C. S103fa^ Over Aneas WO 
98/13006 in view ofHiblar et al. US 2002/0072706 Should Be Reversed Because the Office 
Action Does Not Establish a Prima Facie Case of Obviousness 

Claims 1-8, 10, 12 and 13 stand rejected under 35 U.S.C. 103(a) as being unpatentable 
over WO 98/13006 (Aneas), attached as Appendix A along with its corresponding US Patent No. 
6,070,623, in view of US 2002/0072706 (Hiblar et al), attached as Appendix B. hi the Office 
action Aneas is said to disclose a drug reconstitution device for connection between a closed 
recipient and a container comprising a neck whose opening is closed by a stopper. Aneas is said 
to disclose a base adapted to be mounted on a recipient 3 and comprising a sleeve with an inner 
bore 12a and further, a hollow needle 5 and plunger 15, adapted to slide in the bore and has an 
edge of sleeve opposite a stopper 3b provided with stop means 18 adapted to cooperate with 
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complementary means 16 provided on the plunger 15 to lock it in a transfer position. Hiblar is 
said to disclose a needle with a non-circular cross section 30 in conjunction with a non-circular 
sleeve 34 in order to prevent rotation of the needle within the sleeve. The Office action 
concluded that it would have been obvious to modify the needle of Aneas to have the non- 
circular needle and sleeve of Hiblar to prevent unwanted rotation of the Aneas needle. 

In Aneas the perforating means ("needle") is attached to a plunger that has ribs that 
engage corresponding grooves on skirt 12 to prevent axial rotation of its piercing member, (see 
Figure 1 and column 4, lines 41-47 of US Patent No. 6,070,623 (Appendix A) which corresponds 
to page 7, line 22 - Page 8, line 8 of WO 98/13006 (Appendix A)) In contrast, each of the 
independent claims 1, 12 and 13 contains the following phrase: 

needle presents a non-circular outer cross-section, while said sleeve presents a likewise 
non-circular inner cross-section, the outer section of said needle and inner section of said 
sleeve being such that said needle can slide in said sleeve, without the possibility of 
rotation of said needle in said sleeve . . . 

Principally, the structure set forth in claims 1,12 and 13 prevents axial rotation of the needle as it 
pierces the stopper of the drug vial. Given that the Aneas reconstitution device already has a 
mechanism that prevents axial rotation of its piercing member that does not involve a needle 
having a non-circular outer cross section, there is no convincing reason as to why components of 
the Hiblar catheter should be combined with the Aneas reconstitution device to provide Aneas 
with a needle having a non-circular outer cross-section and sheeth with a non-circular inner 
cross-section to prevent "the possibility of rotation of said needle in said sleeve." Even if a way 
could be found to include both mechanisms, such a combination would provide a redundant 
solution to the problem of axial rotation of the piercing member that would add cost to the 
manufacture of such a device without adding any benefit. Applicant also notes that 
considerations with respect to the design of reconstitution devices, like the Aneas^ are not the 
same as catheter design considerations, as in the Hiblar, and the distinctive nature of these arts 
fails to support their combination. In summary, there is no teaching or motivation provided in 
Hiblar or Aneas to support their combination and no other reasons are given in the Office action 
that would lead one of skill in the art to combine Aneas and Hiblar in such a way as to obtain the 
present invention. 

To support a prima facie case of obviousness there must be some suggestion or 
motivation, either in the references themselves or in the knowledge generally available to one of 
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ordinary skill in the art to modify the reference and the initial burden is on the examiner to 
provide some suggestion of the desirability of doing what the inventor has done. Applicant 
submits that the requisite motivation is simply not present in this case and that therefore a prima 
facie case of obviousness has not been estabUshed. It appears that the invention has 
impermissibly been used as a template to piece together teachings of the prior art to arrive at the 
present rejection for obviousness. Because all the independent claims contain the recited 
language, all of the pending claims contain this phrase, therefore Applicants request that this 
rejection be withdrawn. 

C. The Rejection of Claims 1-8, 10, 12 & 13 Under 35 U.S.C. SlOSfa) Ov^r Aneas WO 
98/13006 in view of Parker et al US 2003/0093037 Should Be Reversed Because the Office 
Action Does Not EstabUsh a Prima Facie Case of Obviousness 

Claims 1-8, 10, 12 and 13 stand rejected under 35 U.S.C. 103(a) as being unpatentable 
over Aneas, attached as Appendix A, in view of US 2003/0093037 {Parker et al\ attached as 
Exhibit C. In the Office action Aneas is said to disclose a drug reconstitution device for 
connection between a closed recipient and a container comprising a neck whose opening is 
closed by a stopper. Aneas is said to disclose a base adapted to be mounted on a recipient 3 and 
comprising a sleeve with an inner bore 12a and further, a hollow needle 5 and plunger 15, 
adapted to slide in the bore and has an edge of sleeve opposite a stopper 3b provided with stop 
means 18 adapted to cooperate with complementary means 16 provided on the plunger 15 to lock 
it in a transfer position. Parker is said to disclose a hypodermic needle syringe having a non- 
circular hub 4 and non-circular sleeve 12 in order to prevent axial rotation of the needle relative 
to the sleeve. The present rejection is premised on the Office action's position that the Parker 
non-circular hub and sleeve in combination with Aneas renders obvious the present claims which 
require a needle with a non-circular outer cross-section and sleeve which presents a likewise 
non-circular inner cross-section such that said needle can slide in said sleeve, without the 
possibility of rotation of said needle in said sleeve. 

Each of the claims in the pending application clearly recites a needle with a non-circular 
outer cross-section which is not found in either Aneas or in Parker. The law requires that to 
establish a prima facie case of obviousness all of the claim limitations must be taught or 
suggested by the prior art and there must be some suggestion or motivation, either in the 
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references themselves or in the knowledge generally available to one of ordinary skill in the art 
to modify the reference or to combine reference teachings to obtain the claimed invention. This 
rejection should be reversed because even if Aneas could be combined with Parker, the 
combination would not contain all of the limitations of the claims. 

The rejection should be reversed for another reason. In Aneas the perforating means 
("needle") is attached to a plunger that has ribs that engage corresponding grooves on skirt 12 to 
prevent axial rotation of its piercing member. (See Figure 1 and column 4, lines 41-47 of US 
Patent No. 6,070,623 (Appendix A) which corresponds to page 7, line 22 - Page 8, line 8 of WO 
98/13006 (Appendix A)) Aneas lacks a non-circular needle. Similarly, in Parker a non-circular 
sleeve 12 engages a non-circular hub to block axial rotation of its piercing member. Parker 
lacks a non-circular needle. Both Aneas and Parker block axial rotation of their respective 
piercing members, yet neither use non-circular needles as in the present claims. Because the 
references lack all of the required limitations, they can provide no motivation or suggestion for 
their combination in a manner that would give all the limitations of the present claims. 
Furthermore, there is no incentive to add a non-circular needle to either Aneas or Parker in order 
to obtain a device that prevents axial rotation of a piercing member, because axial rotation of the 
piercing member is already blocked in the devices disclosed in those patents. In addition, the 
combination itself, even if proper, would provide for redundant mechanisms for blocking axial 
rotation of the piercing member and would not provide any motivation for adding yet a third 
undisclosed mechanism, namely a non-circular needle in a non-circular sheeth for preventing 
axial rotation of the piercing member. Because each of the independent claims, 1, 12 and 13, 
contain the recited language Applicants request that the rejection be withdrawn from all the 
claims of this case. 

D. The Rejection Of Claim 11 Under 35 U.S.C. 8103(A) Over Aneas WO 98/13006 In View 
Of Hiblar et al. US 2002/0072706 Or Parker et al US 2003/0093037 and Further in View Of 
Thibault WO 99/53886 Should Be Reversed Because the Office Action Does Not Establish A 
Prima Facie Case of Obviousness 

Claim 1 1 was rejected as obvious over Aneas in view of Hiblar or Parker and further in 
view of Thibault (WO 99/53886), attached as Appendix D. Claim 1 1 is believed to be allowable 
for the reasons stated above with respect to Aneas, Hiblar, and Parker. The teaching of Thibault 
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does not impinge on those arguments. In short, Thibault also fails to teach or suggest a needle 
presenting a non-circular outer cross-section, while said sleeve presents a likewise non-circular 
inner cross-section, the outer section of said needle and inner section of said sleeve being such 
that said needle can slide in said sleeve, without the possibility of rotation of said needle in said 
sleeve. Thus, Applicant requests this rejection be reversed. 

E. The Rejection Of Claim 1 1 Under 35 U.S.C. S103fA) OvQxAneas WO 98/13006 In View 
Of Hiblar et al US 2002/0072706 Or Parker et al US 2003/0093037 and Further in View Of 
Manera US Patent 6,706.031 Should Be Reversed Because the Office Action Does Not Establish 
A Prima Facie Case of Obviousness 

Claim 9 was rejected as obvious over Aneas in view of Hiblar or Parker and further in 
view of Manera (US 6,706,031), attached as Appendix E. Claim 9 is believed to be allowable 
for the reasons stated above with respect to Aneas, Hiblar, and Parker. The teaching of Manera 
does not impinge on those arguments. In short, Manera also fails to teach or suggest a needle 
presenting a non-circular outer cross-section, while said sleeve presents a likewise non-circular 
inner cross-section, the outer section of said needle and inner section of said sleeve being such 
that said needle can slide in said sleeve, without the possibility of rotation of said needle in said 
sleeve. Thus, Applicant requests this rejection be reversed. 
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VIII. Claims Appendix 

PENDING CLAIMS OF 
U.S. PATENT APPLICATION SERIAL NO. 10/091,897 

Claim 1: Device for connection between a closed recipient and a container, said 
closed recipient comprising a neck whose opening is closed by a stopper, said connection 
device comprising: 

a base adapted to be mounted on said recipient and comprising a sleeve forming an 
inner bore (A), and 

a plunger adapted to slide in said bore, between a first position disengaged with 
respect to said stopper and a second so-called position of transfer, in which a hollow needle 
belonging to said plunger, traverses said stopper, 

wherein said needle presents a non-circular outer cross-section, while said sleeve presents a 
likewise non-circular inner cross-section, the outer section of said needle and inner section of 
said sleeve being such that said needle can slide in said sleeve, without the possibility of rotation 
of said needle in said sleeve, and 

an edge of said sleeve opposite said stopper is provided with stop means adapted to cooperate 
with a complementary means provided on said plunger to lock it in position of transfer. 

Claim 2: The device of Claim 1, wherein said needle presents an oval outer 
cross-section while the inner cross-section of said sleeve is oval. 

Claim 3: The device of Claim 1, wherein said needle presents a polygonal 
outer cross-section, while the inner cross-section of said sleeve is polygonal, with the same 
number of sides as said outer section of said needle. 

Claim 4: The device of Claim 1, wherein said stop means provided on said edge of 
said sleeve comprises elastically deformable hooks while said complementary means provided 
on said plunger comprises bearing surfaces made on a flange in one piece with said needle, said 
needle and said flange together constituting said plunger. 
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Claim 5: The device of Claim 4, wherein said flange is provided with openings for 
passage of said hooks. 

Claim 6: The device of Claim 4, wherein said hooks are each provided with a nose 
adapted to be imbricated with a retum bordering one of the bearing surfaces made on said 
flange. 

Claim 7: The device of Claim 4, wherein said hooks project radially towards the 
outside with respect to said sleeve. 

Claim 8: The device of Claim 1, wherein said base comprises a second sleeve 
disposed radially outside said sleeve, said second sleeve being adapted to cooperate with a cap 
for protecting said plunger with respect to the ambient atmosphere. 

Claim 9: The device of Claim 8, further comprising rigidifying ribs 
connecting said sleeves. 

Claim 10: The device of Claim 1, further comprising means for temporarily 
stopping said plunger in said disengaged position. 

Claim 1 1 : The device of Claim 10, wherein said means comprises at least one 
hollow made on the outer surface of said needle and at least one projection extending, from the 
inner radial surface of said sleeve, in the direction of a central axis (X-X') of said bore (A), said 
projection being adapted to be engaged in said hollow and to maintain said plunger in said first 
position. 
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Claim 12: Ready-to-use assembly comprising a closed recipient containing a 
product, particularly a pharmaceutical preparation, said recipient being provided with a neck 
whose opening is closed by a stopper, and a connection device mounted on said recipient, the 
connection device comprising: 

a base adapted to be mounted on said recipient and comprising a sleeve forming an 
inner bore (A), and 

a plunger adapted to sUde in said bore, between a first position disengaged with respect to 
said stopper and a second so-called position of transfer, in which a hollow needle belonging to 
said plunger, traverses said stopper, 

wherein said needle presents a non-circular outer cross-section, while said sleeve presents a 
likewise non-circular inner cross-section, the outer section of said needle and inner section of 
said sleeve being such that said needle can slide in said sleeve, without the possibility of rotation 
of said needle in said sleeve, and 

an edge of said sleeve opposite said stopper is provided with stop means adapted to 
cooperate with a complementary means provided on said plunger to lock it in position of 
transfer. 

Claim 13: A connection device for connecting a closed recipient and a container, 
the closed recipient comprising a neck having an opening closed by a stopper, the connection 
device comprising: 

a base configured to be mounted on the recipient and having a sleeve forming an inner 
bore; and 

a plunger having a hollow needle, the plunger adapted to slide in said bore between a 
first position disengaged with respect to said stopper, and a second position, wherein the hollow 
needle traverses said stopper, 

wherein said needle has a non-circular outer cross-section and said sleeve has a 
non-circular inner cross-section, the outer section of said needle and the inner section of 
said sleeve dimensioned such that said needle can slide in said sleeve without the 
possibility of rotation of said needle in said sleeve. 
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IX. Evidence Appendix 



None 



X. 



Related Proceedings Appendix 



None 



XI. 



Conclusion 



Appellants' submit that there is no suggestion or motivation for the combination of Aneas 
with Hilbar because the problem solved by the present application is lacking in those references 
and there simply is no motivation to combine them in a manner that would give the presently 
claimed invention. Similarly, there is no motivation for the combination of Aneas with Parker 
and even if those references were combined, the combination would lack all the elements of the 
claimed invention, namely the non-circular needle of the present claims. Neither Thibault nor 
Manera contain such teachings or any further motivation for a combination that could support a 
rejection for obviousness. Thus, it is submitted that the pending rejections for obviousness are 
erroneous in law and in fact and should be reversed by this Board. 



Respectfully submitted, 




Robert M. Gould 

Reg. No. 43,642 
Customer No. 29200 



Dated: October 6, 2006 
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(54) Title: CONNECTING DEVICE. IN PARTICULAR BETWEEN A RECEPTACLE WITH A STOPPER CAPABLE OF BEING 
PERFORATED AND A SYRINGE 



(54) Tilre: DISPOSITIF DE CONNEXION. EN PARTICUIJER ENTRE UN RECIPIENT AVEC BOUCHON PERFORABLE ET UNE 
SERINGUE 

(57) Abstract 



The invention concerns a connecting device (1) between a first receptacle 
(2), and a second receptacle (4) comprising a muff joint (4a), said device 
comprising means (5) for perforating a stopper, including a faucet (6) and 
a filtering chamber (7) isolated from outside by a filter (8), two independent 
channels (9, 10) being provided in the perforating means (5) for communicating 
the inside of the first receptacle (2) with the faucet (6) and the filtering chamber 
(7) respectively, said device further comprising means (1 1) for displacing with 
guidance the perforating means (5), means for festening (13) the skirt (12) on 
die neck (2a), a plunger (15) mounted in the internal bore (12a) on which the 
perforating means (5) are fixed, for sliding by simple pressure, and means (16) 
for definitively stopping the plunger (15). 



(57) Abr^g^ 

Dispositif de connexion (1) cntrc un premier recipient (2). et un deuxifeme 
recipient (4) comprenant un cmbout male (4a), ledit dispositif comprenant un 
moyen (5) de perforation du bouchon, comportant d*une part, un embout femellc 

(6) , et d'autre part une chambre (7) de filtration isol6e par rapport h Pexl^ricur 
par un fillre (8), deux canaux (9. 10) inddpendants etant m6nag6s dans le moycn 
de perforation (5) pour 6tablir une communication entre Tint^rieur du premier 
recipient (2) et respectivement Tembout femellc (6) et la chambre de filtration 

(7) , ledii dispositif comprenant en outre des moyens (1 1) de ddplacemcnt avec 
guidage du moyen de perforation (5), des moyens d'accrochage (13) de la 
coUeretlc (12) sur le col (2a), un piston (15) mont6 dans Tallage interne (12a) 
sur lequel est fix6 le moycn de perforation (5), pour coulisser par simple poussde, 
et des moyens (16) d 'arret d^finitif du piston (15). 
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DISPOSITIF DE CONNEXION, EN PARTICXniIER ENTRE UN 
RECIPIENT AVEC BOUCHON PERFORABLE ET UNE SERINGUE 

La presente invention concerne de maniere generale 
la connexion entre , d ' un cdtS un premier recipient 
comprenant un col obture par un bouchon perforable 
visco-elastique, et de 1« autre c6t6 un deuxieme recipient 
5 comprenant un embout male. 

Plus particuli^rement, mais Sl titre non exclusif, 
la presente invention sera introduite, definie et dScrite 
par reference a la connexion entre, d'un cdte un premier 
recipient const itue par un flacon rigide, par exemple en 

10 verre, dont le col est obture de maniere etanche par un 
bouchon en caoutchouc perforable, et de 1' autre cote un 
deuxieme recipient, tou jours rigide, const itue par une 
seringue, comportant elle-m§me de maniere traditionnelle 
un corps tubulaire rigide se terminant par un embout male, 

15 du type "luer lock" par exemple, et un piston monte de 
maniere etanche et coulissante a I'interieur du corps 
tubulaire. Une connexion telle que definie precSdemment 
est en particulier requise lorsqu ' il s ' agit de preparer 
une solution ou suspension medicamenteuse a partir d*un 

2 0 principe actif sous forme de poudre ou de lyophilisat, 

contenu par le premier recipient, a savoir le flacon, et 
d'un milieu liquide, par exemple une solution, contenue 
dans le deuxieme recipient, c*est-a-dire dans la seringue. 
En pareil cas, de maniere generale, les operations 
25 suivantes sont mises en oeuvre : 

- le premier recipient (flacon) etant active, et 
le second recipient (seringue) etant rempli avec le milieu 
liquide, on per fore le bouchon avec un moyen de 
perforation approprie , appartenant ou non a la seringue , 

3 0 pour etablir une communication entre les deux recipients, 

- on introduit le milieu liquide du second 
recipient (seringue) a I'interieur du premier recipient 
(flacon), pour melanger le milieu liquide et le principe 
actif en poudre ou lyophilisat, la seringue etant dans ce 

3 5 cas disposee au dessus du flacon. 
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- la dissolution ou mise en suspension etant 
complete a I'interieur du premier recipient (f lacon) , on 
retourne 1' ensemble constitue par le flacon et la seringue 
connect€s 1 • un a 1 ' autre par 1 ' intermediaire du moyen de 

5 perforation, pour disposer le premier recipient au-dessus 
du second recipient^ 

- et en tirant le piston de la seringue, on 
extrait la suspension ou solution du principe actif ^ du 
premier recipient pour I'introduire dans le second 

10 recipient, 

- d&s lors la seringue comportant la suspension ou 
solution du principe actif est prete a etre utilisee, 
§ventuellement apres mise en place d'une aiguille 
d' injection sur I'embout mSle de ladite seringue. 

15 Aux fins de connecter deux recipients tels que 

definis et exemplifies precedemment , conformement au 
document EP-A-0 126 718, on a deja propose un dispositif 
de transfert avec perforation du bouchon comportant : 

- d'une part un embout femelle de jonction 
20 etanche, par exemple un cone du type "luer lock", de 

jonction etanche avec 1' embout mSle du deuxieme recipient, 
et d ' autre part une chambre de filtration Isolde par 
rapport a I'exterieur par un filtre, par exemple un filtre 
absolu perraettant de steriliser tout flux gazeux ou 
25 liquide le traversant dans un sens ou dans 1' autre, 

- deux canaux independants menages dans ledit 
moyen de perforation pour etablir une communication entre 
I'interieur du premier recipient et respectivement 
1 • embout femelle et la chambre de filtration, dans la 

30 position oCl le moyen de perforation perfore le bouchon, de 
maniere etanche par rapport a I'exterieur* 

Ce dispositif de connexion comprend en outre des 
moyens de dSplacement avec guidage du moyen de 
perforation, constitues au moins par une collerette 

35 menageant un alesage interne ; 
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- des iDoyens d'accrochage de la collerette sur le 
col du premier recipient, pour aboutir a une position 
accroch^e dans laquelle I'alesage interne debouche sur le 
bouchon ; 

5 - des moyens d^etanch^itfi de l"alesage interne par 

rapport a l*ext6rieur, dans la position accrochee de la 
collerette ; 

- un piston sur lequel est fixe ou auquel 
appartient le moyen de perforation, ceci pour coulisser 

10 par simple poussee, d'une position inactivee dans laquelle 
I'extreinite perforante est a I'ecart du bouchon, a une 
position perforante ou de perforation dans laquelle cette 
meme extremite perforante a traverse le bouchon, 

Un tel dispositif autorise tout mouvement relatif 

15 non controle, entre les deux recipients en cours de 
connexion ou connectes, de telle sorte qu'il est difficile 
de maltriser avec precision la quantite de milieu liquide 
ou liquide, introduite dans le premier recipient ou 
extraite de ce dernier, par 1 • interm^diaire du mouvement 

20 relatif entre le piston et le corps tubulaire de la 
seringue (deuxieme recipient) par exemple. 

La presente invention a done pour objet une 
solution permettant de mieux controler le mouvement 
relatif entre le premier recipient et le second recipient, 

25 lorsgu'ils sont connectes, de maniere en particulier a 
minimiser et a rendre constant le volume mort, 
c'est-a-dire du liquide qui ne peut etre soutire du 
premier recipient, apres connexion des deux recipients* 

Conformement a la presente invention, le 

3 0 dispositif de connexion comprend en outre : 

- des moyens d • arret du piston , def init ivement 
dans la position perforante, ces moyens comportant un 
organe d'encliquetage dispose sur ou du c6t§ du piston, et 
un organe complementaire d'arrSt, dispose sur ou du c5te 

35 de la collerette, 1« organe d'encliquetage comportant une 
pluralite de dents distributes autour de I'axe du psiton, 
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elastiques pur etre rappelees de maniere centrifuge ou 
centrip^te, l*organe complementaire d' arret consistant en 
un flanc annulaire centre lequel se bloquent desdites 
dents . 

5 La presents invention fait reference au dessin 

annexe, dans lequel : 

- la figure 1 represente, en coupe transversa le, 
un dispositif de connexion conforme a la presente 
invention, en position accrochSe et verrouillee sur un 

10 premier recipient, et dans la position inactivSe du piston 
comportant le moyen de perforation ; sur cette figure, le 
dispositif de connexion est egaleinent represents avec son 
capuchon, maintenant une 6tancheit6 de I'interieur du 
dispositif de connexion par rapport a I'exterieur, 

15 - la representation de la figure 2 differe de 

celle de la figure 1, en ce que le capuchon a ete retire, 
et le second recipient est embouche sur le moyen de 
perforation, dans la position inactivee de ce dernier, 

- la representation de la figure 3 differe de 
20 celle de la figure 2, en ce que le piston et son moyen de 

perforation sont dans la position activfee, ou perforante, 
avec introduction du liquide contenu par le deuxieme 
recipient dans le premier recipient, dans cet exemple en 
appuyant sur le piston de la seringue const ituant le 
25 second recipient, 

- la representation de la figure 4 differe de 
celle de la figure 3, en ce que 1' ensemble des deux 
recipients connectes est retourne, et le liquide contenu 
dans le premier recipient est soutire dans le second 

30 recipient, en tirant sur le piston de la seringue par 
exemple. 

Conformement aux figures 1 et 2, le dispositif de 
connexion dScrit ci-apres permet de connecter de maniere 
etanche par rapport ^ I'ext^rieur, et notamment en 
35 preservant des conditions pre-etablies de sterilite : 



M^O9a/13006 



PCT/FR97/01676 



- d'un cote, un premier recipient 2 par exemple un 
flacon en verre, comprenant un col 2a avec un bourrelet 
annulaire 2b, obture par un bouchon 3 en materiau 
visco-elastique (caoutchouc) , perforable, et comportant 

5 lui-meme une partie 6paulee 3b reposant a plat sur le 
bourrelet annulaire 2b du premier recipient ; par 
hypothfese et en utilisation, ce flacon contient dans des 
conditions d ' §tancheite (notaimnent par rapport a tout 
liquide ext^rieur) , et de sterility, une poudre ou 

10 lyophilisat d'un principe actif par exemple, 

• et de 1 ' autre c6te un deuxieme recipient , 
comprenant un embout male 4a, constitue par exemple par 
une seringue traditionnelle, comportant un corps tubulaire 
4b, un cone du type "luer lock", rapporte sur une 

15 extremite du corps tubulaire 4b, formant 1 'embout male 
precite, et un piston 21 permettant a volonte de remplir 
ou vider la seringue, 

Le dispositif de connexion proprement dit, 
conforme a 1' invention, permettant de relier les deux 

20 recipients exemplifies precgdemment , par perforation du 
bouchon 3, comprend de maniere g^ngrale : 

- un moyen 5 de perforation du bouchon, 

- des moyens 11 de deplacement avec guidage du 
moyen de perforation precit^, const itu6s au moins par une 

25 collerette 12 et un piston 15 sur lequel est mont§ ou 
auquel appartient le moyen de perforation 5, 

- des moyens d'accrochage 13 de la collerette 12 
sur le col 2a du premier recipient, 

- des moyens d'etancheite 14 de I'interieur de la 
30 collerette 12, par rapport a I'exterieur, mettant en 

oeuvre les caracteristiques visco-elastiques de la partie 
superieure du bouchon 3, 

- et des moyens d'arr^t 16 d6finitifs du piston 15 
dans la position perforante ou de perforation, representee 

35 par exemple aux figures 3 et 4 , 
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Le moyen 5 de perforation comporte, conwne 
represents la figure 1, une partie centrale ou axiale 5b 
se terminant par une extremite perforante 5a, un collet 5c 
permettant la fixation des moyens de perforation sur le 
5 piston dSfini ci-apres, dans lequel une ouverture 
circonf erentielle 5d est menagee, et un embout femelle 6, 
prolongeant la partie axiale 5b, et permettant d' assurer 
une jonction itanche avec 1 'embout mSle 4a du deuxieme 
recipient (seringue) . Au niveau du moyen de perforation 5, 

10 a 1 "oppose de I'extrfimite perforante 5a ci-apres, une 
chambre de filtration 7 est mSnagee entre un embrevement 
prfevu dans le piston 15, dgfini ci-apr^s, et un filtre 8, 
maintenu serre entre le collet 5c et un epaulement 
correspondant prevu sur le piston 15, et isolant ladite 

15 chambre par rapport a I'exterieur, embout femelle 6, 
dispose du cote oppose a 1' extremite perforante 5a, 
comporte un filtre 2 0 pour la filtration de tout liquide 
le traversant dans un sens ou dans 1' autre. Deux canaux 9 
et 10, independants, sont menages dans la partie axiale 5b 

20 du moyen de perforation 5, pour etablir une communication 
entre l'int§rieur du premier recipient 2 et respect ivement 
1' embout femelle 6 et la chambre de filtration 7, dans la 
position perforante ou de perforation, representee aux 
figures 2 a 4 par exemple, dans laquelle le moyen 5 de 

25 perforation perf ore le bouchon 4 , en 1 ' ayant traverse 
complfetement par son extremite perforante 5a. 

Les moyens 11 de deplacement avec guidage du moyen 
de perforation 5 sont constitues par la cooperation de la 
collerette 12 tubulaire, menageant un alesage interne 12a, 

30 et du piston 15 monte dans 1' alesage interne 12a, sur 
lequel est fixe ou monte le moyen de perforation 5. La 
collerette 12 est obtenue de maniere monobloc avec les 
moyens d'accrochage 13, par exemple en matiere plastique, 
et comme represente sur la figure 1 peut s'^tendre vers le 

3 5 haut, au-dela de 1' extremite libre de 1« embout femelle 6, 
af in d ' empecher un actionnement accidentel du piston par 



wo 98/13006 



PCT/FR97/01676 



les doigts de 1 'utilisateur . Par ailleurs, elle est munie 
d'une capsule formant moyens d'accrochage 13, susceptible 
de s'encliqueter par rapport et sous le rebord annulaire 
2b du recipient 2, au contact du col 2a, et ceci gr§ce a 
5 une elasticite radiale lui permettant de rappeler le bord 
infer ieur circonf erentiel en position centripete. En 
pratique, cette capsule d'accrochage 13 est constituee par 
une pluralite de dents d ' accrochage, formant ensemble la 
capsule d§finie pr ecSdemment , et disposant chacune de 

10 1» elasticite radiale prficitee. Dans la position accrochee 
representee aux figures 1 a 4, I'alesage interne I2a 
debouche sur le bouchon 3, et plus particuliferement sa 
partie superieure accessible a I'extremite perforante 5a 
du moyen de perforation 5. Des moyens d'etancheite 14 de 

15 I'alesage interne 12a, par rapport a I'exterieur, et 
utilisant les proprietes visco-elastiques du bouchon 3, 
sont construits de maniere monobloc egalement avec la 
collerette 12 ; ces moyens consistent notamment en une 
nervure circonf erentielle continue, relativement dure et 

20 penetrant au moins partiellement dans le mater iau 
relativement mou du bouchon 3. 

Le piston 15 comporte une ame transversale 15a 
comportant un orifice epaule 15b permettant le passage de 
la partie axiale 5b du moyen de perforation 5, avec 

25 retenue axiale dudit moyen. Comme dit precedemment , le 
moyen de perforation 5 est par ailleurs retenu de maniere 
etanche par son collet 5c, sur I'epaulement defini par 
1 " embrevement de la chambre de filtration 7. En etant 
bloque en rotation par rapport a la collerette 12 par les 

30 moyens definis ci-apr6s, le piston 15, monte dans 
l*al6sage interne 12a, peut coulisser par simple poussee 
axiale, d*une position inactivee (Cf, figures 1 et 2) dans 
laquelle I'extremite perforante 5a est a I'ecart du 
bouchon 3, et une position perforante (Cf. figures 3 et 

35 4), dans laquelle I'extremite perforante 5a a completement 
traversee le bouchon 3 . Les moyens de blocage 19 en 
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rotation du piston 15 par rapport a la collerette 12 sont 
obtenus en menageant, du c6t§ de la collerette 12 sur sa 
surface interne , huit rainures paralleles a 1 ' axe du 
dispositif, reparties sur le pourtour de ladite 
5 collerette, et du c6t6 du piston huit nervures 
correspondantes , non representees , susceptibles de 
s'engager respect ivement dans les rainures pr§cit6es. 

Les inoyens 16 d'arr§t dfifinitif du piston 15 et 
par consequent les moyens de perforation 5, dans la 
10 position perforante, dans laquelle l'extr6inite perforante 
du moyen 5 a complfetement traverse le bouchon 3 , 
comportent : 

- un ou plusieurs organes d ' encliquetage 17, 
appartenant au piston 5, constitues par des dents 

15 distribuees autour de I'axe du piston 15, elastiques pour 
etre rappelees de maniere centrifuge ou centripete ; ces 
organes d 'encliquetage 17 ferment ensemble une couronne 
concentrique avec I'axe du piston 15, a I'interieur de la 
collerette 15c assurant le coulissement du piston dans 

20 I'alesage interne 12a, 

- et un ou plusieurs organes complfementaires 
d • arret 18 , disposes sur la collerette 12 , consistent par 
exemple en un f lane annulaire 18 , centre lequel ou sous 
lequel se bloquent les dents 17, lorsque le piston 15 est 

25 dSplace vers le bouchon 3. 

Le capuchon 21 est monte sur la collerette 12^ de 
maniere etanche, pour contenir I'embout femelle 6 et les 
autres parties internes du dispositif , a savoir le 
piston 15 et le moyen de perforation 5, de maniere isolee 

3 0 par rapport a I'exterieur, ceci en fermant de maniere 
etanche la partie interne de la collerette 12, opposee au 
bouchon 3 . Cette etancheiti est obtenue en particulier 
gr§ce a une succession de lamelles circonf erentielles 19a 
menagees sur la surface externe de la collerette 12 , et 

3 5 sur lesquelles se bloque le capuchon 21. 
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Par "etancheite" , on entend une etancheite par 
rapport au moins aux liquides, et permettant en 
particulier de maintenir des conditions de sterilite a 
I'intSrieur du dispositif de connexion. 
5 Par ailleurs, le dispositif de connexion selon 

!• invention est fixe de maniere definitive sur le premier 
recipient 2. A cette fin, il integre des moyens 22 de 
verrouillage definitif du dispositif sur le premier 
recipient 2, bloquant les moyens d'accrochage 13 dans leur 
10 position accrochee sur le col 2a du recipient 2. Ces 
moyens de verrouillage consistent en particulier en une 
bague externe, construite de maniere monobloc avec le 
capuchon 21, mais separee de ce dernier par une ligne 
d"af faiblissement 3 0 permettant de separer le capuchon du 
15 dispositif de connexion. 

Le fonctionnement du dispositif de connexion 1 
selon la presente invention se deduit des representations 
des figures 2 a 4 , explicitees par reference a 
I'enumeratif des figures, et au deuxieme paragraphe de la 
20 presente description. 

Un dispositif tel que precedemment decrit presente 
en outre differents avantages importants : 

- il est a usage unique, puisqu'en particulier les 
moyens 16 d'arr^t definitif du piston 15 excluent une 

25 autre reutilisation, 

- il assure une securite d ' utilisation totale, 
1 'utilisateur ne pouvant a aucun moment toucher 
1' extremity perforante 5a du moyen de perforation 5, avec 
ses doigts, puisqu"en particulier le deplacement et 

30 guidage du piston 15 ne n^cessitent aucune autre 
intervention que sa poussee par I'embout male de la 
seringue, 

- 1 'utilisateur n'a aucun besoin fonctionnel de 
toucher le piston 15 et/ou le moyen de perforation 5 avec 

35 ses doigts, et en particulier il n'existe aucun risque de 
blessure accidentelle , 
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REVENDICATIONS 

!•/ Dispositif de connexion (1) entre d'un cote un 
premier recipient (2) comprenant un col (2a) obtur^ par un 
bouchon (3) perforable visco-Slastique, et de !• autre c6te 
5 un deuxieme recipient (4) comprenant un embout male (4a), 
ledit dispositif comprenant un moyen (5) de perforation du 
bouchon , comportant du cote oppose a 1 » extrSmite 
perforante (5a) dudit moyen de perforation, d'une part un 
embout femelle (6) de jonction gtanche avec 1 'embout mSle 

10 (4a) du deuxieme recipient (4), et d'autre part une 
chambre (7) de filtration isolee par rapport a I'exterieur 
par un filtre (8), deux canaux (9, 10) independants etant 
menages dans le moyen de perforation (5) pour etablir une 
communication entre 1» inter ieur du premier recipient (2) 

15 et respectivement 1 'embout femelle (6) et la chambre de 
filtration (7) , dans la position ou le moyen de 
perforation (5) per fore le bouchon (4), ledit dispositif 
comprenant en outre des moyens (11) de deplacement avec 
guidage du moyen de perforation (5), constitues au moins 

20 par une collerette (12) menageant un al§sage interne 
(12a), des moyens d'accrochage (13) de la collerette (12) 
sur le col (2a) du premier recipient (2) dans une position 
accrochee dans laquelle I'alesage (12a) interne debouche 
sur le bouchon (3), avec des moyens d'etancheite (14) de 

25 I'alesage interne (12a) par rapport a l^exterieur, un 
piston (15) sur lequel est fixe le moyen de perforation 
(5), pour coulisser par simple poussee d'une position 
inactive (Fig. 1 et 2) dans laquelle I'extremite 
perforante (5a) est a l"§cart du bouchon (3), et une 

30 position perforante (Fig. 3 et 4) dans laquelle ladite 
extremite perforante ( 5a ) a traverse le bouchon ( 3 ) , 
caracterise en ce que le dispositif comrpend en outre des 
moyens (16) d'arret definitif du piston (15) dans la 
position perforante, comportant un organe d ' ehcliquetage 

35 (17) sur le piston, et un organe complimentaire d'arr^t 
(18) sur la collerette, 1' organe d » encliquetage comportant 
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11 

une pluralite de dents (17) distribuees autour de I'axe du 
piston (15), elastiques pour etre rappelees de maniere 
centrifuge ou centripSte, et I'organe compl^mentaire 
d ' arrSt consistant en un f lane ( 18 ) annulaire centre 
5 lequel se bloquent lesdites dents (17)- 

2./ Dispositif selon la revendication 1, 
caracterisg en ce que des moyens (19) de blocage en 
rotation sont menages entre le piston (15) et la 
collerette (12) . 

3-/ Dispositif selon la revendication 1, 
caracterise en ce que le deuxieme (4) recipient est une 
seringue, et I'embout femelle est un cone (4a) "luer 
lock". 

4./ Dispositif selon la revendication 1, 
15 caracterise en ce que le filtre (8) a une porosite 
assurant une filtration sterile de tout flux gazeux ou 
liquide le traversant. 

5 • / Dispositif selon la revendication 1 , 
caractirise en ce qu'il comporte un capuchon (21) monte 
20 sur la collerette (12) pour contenir I'embout femelle (6), 
agence pour fermer de maniere etanche la partie de la 
collerette (12) opposee au bouchon (3). 

6. / Dispositif selon la revendication 1, 
caracterise en ce qu'il comprend des moyens (22) de 

25 verrouillage definitif sur le premier recipient {2), 
bloquant les moyens d'accrochage (13) dans leur position 
accroche sur le col (2a) du recipient. 

7. / Dispositif selon la revendication l, 
caracterise en ce que I'embout femelle (6) comprend un 

30 filtre (20) pour la filtration de tout liquide le 
traversant. 



wo 98/13006 



PCT/FR97/01676 




wo 98/13006 



2/2 



PCT/FR97/01676 



( F1G2 FIGS F1G4 




United States Patent [i9] 

Aneas 



liillMMII 



mil 

US006070623A 
[11] Patent Number: 
[45] Date of Patent: 



■III 

6,070,623 
Jiin. 6, 2000 



[54] CONNECTING DEVICE, IN PARTICULAR 
BETWEEN A RECEPTACLE WITH A 
STOPPER CAPABLE OF BEING 
PERFORATED AND A SYRINGE 

[75] laventor: Antoine Aneas, Menetrol, France 

[73] Assignee: Biodome, Issoire, France 
[21] Appl. No.: 09/230,798 
[22] PCT Filed: Sep. 24, 1997 
[86] PCT No.: PCT/FR97/0I676 

§ 371 Date: Feb. 9, 1999 

§ 102(e) Date: Feb. 9, 1999 
[87] PCT Pub. No.: WO98/13006 

PCT Pub. Dale: Apr. 2, 1998 

[30] Foreign Application Priority Data 

Sep. 25, 1996 [FR] France 96 11965 

[51] Int. Cl.'^ B65B 1/04 

[52] U.S. CI 141/329; 141/27; 604/200; 

604/201; 604/403; 604/406 

[58] Field of Search 141/25, 27, 319, 

141/329, 330, 369, 383; 604/200, 201, 
403, 405, 406, 411, 415 

[56] References Cited 

U.S. PATENT DOCUMENTS 
3,940,003 2/1976 Larson. 



3,977,555 8/1976 Larson . 
4,576,211 3/1986 Valentini et al. . 
5,636,660 6/1997 Paeidcrer et al. . 

FOREIGN PATENT DOCUMENTS 



0 126 718 A2 11/1984 

0 679 380 Al 11/1995 

2 256 752 8/1975 

2 560 049 Al 8/1985 



European Pat. Off. 
European Pat. Off. 
France . 
France . 



Primary Examiner — Steven O. Douglas 
Assistant Examiner — Timothy L. Maust 
Attorney, Agent, or Firm—OM & Berridge, PLC 



[57] 



ABSTRACT 



A connecting device (1) between a first receptacle (2) and a 
second receptacle (4) comprising a muff joint (4a), the 
device comprising an apparatus (5) for perforating a stopper, 
including a faucet (6) and a filtering chamber (7) isolated 
from outside by a filter (8), two independent channels (9, 10) 
being provided in the perforating apparatus (5) for commu- 
nicating the inside of the first receptacle (2) with the faucet 
(6) and die filtering chamber (7) respectively, the device 
further comprising an element (11) for displacing with 
guidance the perforating apparatus (5), an element for fas- 
tening (13) the skirt (12) on the neck (2a), a plunger (15) 
mounted in the internal bore (12a) on which the perforating 
apparatus (5) are fixed, for sliding by simple pressure, and 
an element (16) for definitively stopping the plunger (15). 

7 Claims, 2 Drawing Sheets 
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CONNECTING DEVICE, IN PARTICULAR 
BETWEEN A RECEPTACLE WITH A 
STOPPER CAPABLE OF BEING 
PERFORATED AND A SYRINGE 

5 

FIELD OF THE INVENTION 

The present invention generally relates to the connection 
between, on the one hand, a first receptacle comprising a 
neck obturated by a visco-elastic stopper capable of being 
perforated, and, on the other hand, a second receptacle 
comprising a muff joint (male element). 

More particularly, but not exclusively, the present inven- 
tion will be introduced, defined and described with reference 
to the connection between, on the one hand, a first receptacle 
constituted by a rigid flask, for example made of glass, of 
which the neck is hermetically obturated by a rubber stopper 
adapted to be perforated, and, on the other hand, a second, 
likewise rigid receptacle, constituted by a syringe, itself 
conventionally comprising a rigid tubular body terminating 20 
in a mufiE joint, of the "luer lock" type for example, and a 
plunger mounted to slide hermetically inside the tubular 
body. A connection as defined hereinbefore is required in 
particular when it is question of preparing a medicamentous 
solution or suspension from an active ingredient in the form 25 
of powder or lyophilizate, contained in the first receptacle, 
namely the flask, and from a liquid medium, for example a 
solution, contained in the second receptacle, i.e. in the 
syringe. In such a case, the following operations are gener- 
ally carried out: 30 

SUMMARY 

the first receptacle (flask) being activated, and the second 
receptacle (syringe) being filled with the liquid 
medium, the stopper is perforated with an appropriate 
perforating means, belonging to the syringe or not, in 
order to establish a communication between the two 
receptacles; 

the liquid medium of the second receptable (syringe) is 
introduced inside the first receptacle (flask) in order to 
mix the liquid medium and the active ingredient in 
powder or lyophilizate form, the syringe being in that 
case disposed above the flask, 

the dissolution or suspension inside the first receptacle 
(flask) being complete, the assembly constituted by the 
flask and the syringe, connected to each other via the 
perforating means, is turned over in order to dispose the 
first receptacle above the second receptacle, 

and by pulling the plunger of the syringe, the suspension 
or solution of the active ingredient is extracted from the 
first receptacle and introduced in the second recptacle, 

the syringe containing the suspension or solution of the 
active ingredient is then ready to be used, possibly after 
an injection needle has been positioned on the muff 55 
joint of said syringe. 

In order to connect two receptacles such as defined and 
exemplified hereinabove, in accordance with document 
EP-A-0 126 718, a transfer device with perforation of the 
stopper has already been proposed, comprising: go 

on the one hand, a faucet (female piece) for tight join, for 
example a cone of the "luer lock" type, for tight join 
with the muft' joint of the second receptacle, and, on the 
other hand, a filtering chamber isolated with respect to 
the outside by a filter, for example an absolute filter 65 
making it possible to sterilize any gaseous or liquid 
flow traversing it in one direction or in the other. 



40 



two independent channels provided in said perforating 
means to establish communication between the inside 
of the first receptacle and the faucet and the filtering 
chamber respectively, in the position where the perfo- 
rating means perforates the stopper, tightly with respect 
to the outside. 
This connection device further comprises means for dis- 
placing with guidance the perforating means, constituted at 
least by a skirt forming an internal bore; 
means for fastening the skirt on the neck of the first 
receptacle to arrive at a fastened position in which the 
internal bore opens out on the stopper; 
means for sealing the internal bore with respect to the 

outside, in the fastened position of the skirt; 
a plunger on which is fixed or to which belongs the 
perforating means, this in order to slide by simple 
pressure, from an inactivated position in which the 
perforating end is spaced apart fi"om the stopper, to a 
perforating position in which this same perforating end 
has passed through the stopper. 
Such a device allows any non-controlled relative move- 
ment between the two receptacles in the course of connec- 
tion or connected, with the result that it is difficult to master 
with precision the quantity of liquid medium or liquid, 
introduced in the first receptacle or extracted therefrom, by 
means of the relative movement between the plunger and the 
tubular body of the syringe (second receptacle) for example. 

The present invention therefore has for its object a solu- 
tion making it possible better to control the relative move- 
ment between the first receptacle and the second receptacle, 
when they are connected, so as in particular to minimize and 
to render constant the dead volume, i.e. liquid which cannot 
be drawn from the first receptacle, after connection of the 
two receptacles. 

In accordance with the present invention, the connection 
device further comprises: 

means for definitively stopping the plunger in the perfo- 
rating position, these means comprising a clipping 
member disposed on or to the side of the plunger, and 
a complementary stop member disposed on or to the 
side of the skirt, the clipping member comprising a 
plurality of teeth distributed around the axis of the 
plunger, elastic in order to be returned in centrifugal or 
centripetal manner, the complementary stop member 
consisting of an annular flank against which said teeth 
are blocked. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention makes reference to the accompa- 
nying drawings, in which: 

FIG. 1 shows in transverse section a connection device 
according to the present invention, in position fastened and 
locked on a first receptacle, and in the inactivated position 
of the plunger comprising the perforating means; in this 
Figure, the connection device is also shown with its cap, 
maintaining seal of the inside of the connection device with 
respect to the outside. 

The representation of FIG. 2 differs from that of FIG. 1 in 
that the cap has been removed, and the second receptacle is 
fitted on the perforating means, in the inactivated position 
thereof. 

The representation of FIG. 3 differs from that of FIG. 2 in 
that the plunger and its perforating means are in the 
activated, or perforating, position with introduction of the 
liquid contained in the second receptacle in the first 
receptacle, in this example by pushing on the plunger of the 
syringe constituting the second receptacle. 
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The representation of FIG. 4 differs from that of FIG. 3 in The means 11 for displacing the perforating means 5 with 
that the assembly of the two connected receptacles is guidance are constituted by the cooperation of the tubular 
overturned, and the liquid contained in the first receptacle is skirt 12, forming an internal bore 12a, and of the plunger 15 
drawn into the second receptacle, by pulling on the plunger mounted in the internal bore 12a, on which is fixed or 
of the syringe for example. 5 mounted the perforating means 5. The skirl 12 is obtained in 
DETAILED DESCRIPTION piece with the fastening means 13, for example made of 
■ u T^T^c. ^ J ^ , . J . plastic material, and as shown in FIG. 1 may extend 
In accordance with FIGS. 1 and 2, the connection device „„t,ror^i„ Ko„^«^ ft.^^ «p fu- a 
A u J u • ^* 1 •* -LI * 4 upwardly, beyond the tree end or the faucet 6, m order to 
descnbed hereinafter makes It possible to connect, lightly 1« o/^,M^«f«i .^f.,of™ «f ^1 u ^i, 
with respect to the outside, and in particular by pi^^ng Zll^' pLnf ° '^^ by the user s 
pre-established conditions of sterilify: Furthermore, it is provided with a capsule forming 
^. Lj^. ./^i. , , taste ning means 13, capable of clipping with respect to and 
on the one hand, a first receptacle 2 for example a glass ^^^^^^^ ^^^^^^^ 2b of the receptacle 2, in contact 
nasK, comprising a nedc Z« with an annular bead 2b ^^^^ ^a, and this thanks to a radial elasticity 
obturated by a stopper 3 made of v|sc(M»laslK: malenal ^^^^Kng it to return the circumferential lower edge into 
(rubber) capable of bemg perforated and .teelf com- tj^e, this fastening capsule 13 is 
r^t* f '""^ ? the annular ,o„3,^„ted by a plurality of fastening teeth, together form- 
bead 2b of the first receptacle; by hypothesis and m use. ■ ^ ^^^^^^ hereinabove, and each pfesenting the 
this flask con ains under conditions of nghtness ^.jj^j ,i,,ti^i mentioned above. In the fastened portion 
(particularly with respect to any outelde hquid) and of ^^^^^ ^ p,os. i ^ 4, the internal bore 12a opens out on the 
emfor^exam^ ' °' ° 20 stopper 3 and more particularly its upper part accessible to 
P ' the perforating end 5a of the perforating means 5. Means 14 
and on the other hand, a second receptacle, comprising a fo^ sealing the internal bore 12^ with respect to the outside 
muff joint 4a, constituted for example by a conven- ^^d using the visco-elastic properties of the stopper 3, are 
tioaal syrmge, comprismg a tubular body 4b, a cone of likewise constructed in one piece with the skirt 12; these 
the "luer lock" type, added on one end of the tubular ^jeans consist in particular in a continuous, relatively hard, 
body 4/?, forming the said muff joint, and a plunger 21 circumferential rib penetrating at least partially in the rela- 
enabhng the syrmge to be fiUed or emptied as desu-ed. ^^^^y material of the stopper 3. 
The connection device according to the invention proper, pi^^nger 15 comprises a transverse core 15a compris- 
makmg it possible to connect the two receptacles exemph- ing a shouldered orifice 15i; allowing the passage of the axial 
fied heremabove, by perforation of the stopper 3, generaUy ^ 5^ of the perforating means 5, with axial hold of said 
comprises: means. As stated hereinbefore, the perforating means 5 is 
a means 5 for perforating the stopper, furthermore retained hermetically by its collar 5c, on the 
means 11 for displacing with guidance the said perforat- shoulder defined by the bevel of the filtering chamber 7. By 
ing means, constituted at least by a skirl 12 and a being blocked in rotation with respect to the skirt 12 by the 
plunger 15 on which the perforating means 5 is 35 means defined hereinafter, the plunger 15, mounted in the 
mounted or to which it belongs, internal bore 12a, may slide, by simple axial pressure, from 
means 13 for fastening the skirt 12 on the neck 2a of the an inactivated position (cf. FIGS. 1 and 2), in which the 
first receptacle, perforating end 5a is spaced apart from the stopper 3, and a 
means 14 for sealing the inside of the skirt 12 with respect perforating position (cf. FIGS. 3 and 4), in which the 
to the outside, employing the visco-elastic characteris- 40 perforating end 5a has completely traversed the stopper 3. 
tics of the upper part of the stopper 3, The means 19 for blocking in rotation the plunger 15 with 
and means 16 for definitively stopping the plunger 15 in respect to the skirt 12 are obtained by making, towards the 
the perforating or perforation position, represented for skirt 12 on its inner surface, eight grooves parallel to the axis 
example in FIGS. 3 and 4. of device, distributed over the periphery of said skirt. 
The perforating means 5 comprises, as shown in FIG. 1, 45 ^^d, towards the plunger, eight corresponding ribs (not 
a central or axial part 56 terminating in a perforating end 5a, shown), capable of engaging respectively in the said 
a collar 5c allowing fixation of the perforating means on the grooves. 

plunger defined hereinafter, in which a circumferential open- Th^ means 16 for definitively stopping the plunger 15, 

ing Sd is made, and a faucet (female element) 6, extending consequently the perforating means 5 in the perforating 

the axial part 5b, and ensuring a tight join with the muff joint 50 position, in which the perforating end of the means 5 has 

(male element) 4a of the second receptacle (syringe). At the completely traversed the stopper 3, comprise: 

level of the perforating means 5, opposite the perforating one or more clipping members 17, belonging to the 

end Sa hereinafter, a filtering chamber 7 is formed between plunger 15, constituted by teeth distributed about the 

a bevel shoulder provided in the plunger 15, defined axis of the plunger 15, which are elastic in order to be 

hereinafter, and a filter 8, maintained clamped between the 55 returned in centrifugal or centripetal manner; these 

collar 5c and a corresponding shoulder provided on the clipping members 17 together form a ring concentric 

plunger 15, and isolating said chamber with respect to the with the axis of the plunger 15, inside the skirt 15c 

outside. The faucet 6, disposed on the side opposite the ensuring slide of the plunger in the internal bore 12a, 

perforating end 5a, comprises a filter 20 for filtering any and one or more complementary stop members 18, dis- 

liquid traversing it in one direction or in the other. Two 60 posed on the skirt 12, consisting for example of an 

independent channels 9 and 10 are made in the axial part 5b annular flank 18, against which or under which the 

of the perforating means 5, to establish communication teeth 17 are blocked when the plunger 15 is displaced 

between the inside of the first receptacle 2 and the faucet 6 towards the stopper 3. 

and the filtering chamber 7 respectively, in the perforating The cap 21 is mounted tightly on the skirt 12 in order to 

position shown in FIGS. 2 to 4 for example, in which the 65 contain the faucet 6 and the other internal parts of the device, 

perforating means 5 perforates the stopper 4, having tra- namely the plunger 15 and the perforating means 5, in 

versed it completely by its perforating end 5a. isolated manner with respect to the outside, this by hermeti- 
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cally closing the inner part of the skirt 12, opposite the 10) being made in the perforating means (5) for establishing 

stopper 3. Such seal is obtained in particular thanks to a communication between the inside of the first receptacle (2) 

succession of circumferential plates 19a arranged on the and the faucet (6) and the filtering chamber (7) respectively, 

outer surface of the skirt 12, and on which the cap 21 is in the position where the perforating means (5) perforates 
blocked. 5 the stopper (3), said device further comprising means (11) 

The term "seal" is understood to mean a seal with respect for displacing with guidance the perforating means (5), 

to at least liquids, and enabling in particular conditions of constituted at least by a skirt (12) making an internal bore 

sterility to be maintained inside the connecting device. (I2fl), means (13) for fastening the skirt (12) on the neck 

Furthermore, the connecting device according to the (2^) of the first receptacle (2) in a fastened position in which 
invention is definitively fixed on the first receptacle 2. To lO the internal bore (12a) opens out on the stopper (3), with 

that end, it integrates means 22 for definitively locking the means (14) for sealing the internal bore (12a) with respect 

device on the first receptacle 2, blocking the fastening means to the outside, a plunger (15) on which is fixed the perfo- 

13 in their position fastened on the neck 2fl of the receptacle rating means (5), to shde by simple pressure from an 

2. These locking means consist in particular in an outer ring, inactive position in which the perforated end (5a) is spaced 
constructed in one piece with the cap 21, but separate 15 apart from the stopper (3), and a perforating position in 

therefrom by a line of weakening 30 making it possible to which said perforating end (5a) has traversed the stopper (3), 

separate the cap from the connecting device. characterized in that the device further comprises means 

Functioning of the connecting device 1 according to the (16) for definitively stopping the plunger (15) in the perfo- 

present invention is deduced from the representations of rating position, comprising a member (17) for clipping on 
FIGS. 2 to 4, explained by reference to the enumerative of 20 the plunger, and a complementary stop member (18) on the 

the Figures, and to the second paragraph of the present skirt, the clipping member comprising 
description. 

A device as described hereinabove presents, in addition, ^ P^^'^^y PJ) distributed about the axis of the 

different important advantages: P^^^Sf (1^)' ^^'^'^ ^^^'^^^ '° °^der to be returned 

. . . . . , , , , ^ centrmigally or centripetally, and the complementary 

It IS one-use, since, m particular, the means 16 for 25 ^^^^^^ consisting of an annular flank (18) against 

definitively stopping the plungpr 15 exclude another ^^i^ ^^j^ ^^^^^^ ^^^^^ 

re -use, 2 Device according to claim 1, characterized in that 

it is completely safe to use, the user at no moment being means (19) for blocking in rotation are arranged between the 

able to touch the perforating end 5a of the perforating plunger (15) and the skirt (12). 

means 5 with his/her fingers, since, in particular, the ^ 3. Device according to claim 1, characterized in that the 

displacement and guidance of the plunger 15 require no second receptacle (4) is a syringe, and the faucet is a "luer 

intervention other than its being pushed by the muff lock" cone (6). 

joint of the syringe. 4 Device according to claim 1, characterized in that the 

the user has no functional need to touch the plunger 15 filter (8) has a porosity ensuring a sterile filtration of all 

and/or the perforating means 5 with his/her fingers, and gaseous or liquid flow traversing it. 

in particular there is no risk of accidental injury. 5. Device according to claim 1, characterized in that it 

1 claim: comprises a cap (21) mounted on the skirt (12) to contain the 

1. Device (1) for connection between, on the one hand, a faucet (6), arranged to hermetically close that part of the 

first receptacle (2) comprising a neck (2a) obturated by a skirt (12) opposite the stopper (3). 

visco-elastic stopper (3) capable of being perforated, and, on 6. Device according to claim 1, characterized in that it 

the other hand, a second receptacle (4) comprising a muff comprises means (22) for definitively locking on the first 

joint (male element) (4a), said device comprising a means receptacle (2), blocking the fastening means (13) in their 

(5) for perforating the stopper, comprising on the side position fastened on the neck (2a) of the recipient, 

opposite the perforating end (5a) of said perforating means, 7. Device according to claim 1, characterized in that the 

on the one hand, a faucet (female element) (6) for light join faucet (6) comprises a filter (20) for filtering any liquid 

with the muff joint (4a) of the second receptacle (4), and, on traversing it. 
the other hand, a filtering chamber (7) isolated with respect 

to the outside by a filter (8), two independent channels (9, ***** 
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(57) ABSTRACT 

A catheter for delivering a medical agent to tissue external 
to a body passage through which the catheter is inserted. The 
catheter includes a tissue piercing member, e.g., a needle 
having a rectangular cross-section that is asymmetrically 
flexible, such that the member is substantially more flexible 
about a first cross-sectional axis than about a second cross- 
sectional axis. The tissue piercing member is thus readily 
deflected about one axis, away from the catheter and into the 
tissue, while minimizing buckling of the tissue piercing 
member about the other axis. The catheter can include a 
balloon located proximal to and on the same side as the 
piercing member, and a second balloon located distal to and 
on the opposite side as the piercing member. When inflated, 
the balloons cause the portion of the catheter between the 
balloons to flex and bend, facilitating penetration of the 
tissue by the tissue piercing member. 




(54) TRANSLUMINAL DRUG DEUVERY 
CATHETER 

(76) Inventors: Thomas Hiblar, Everett, WA (US); 

Lucas S. Gordon, Sammamish, WA 
(US) 

Correspondence Address: 
Ronald M. Anderson 

LAW OFFICES OF RONALD M. ANDERSON 

Suite 507 

600 - lOSth Avenue N.E. 
Bellevue, WA 98004 (US) 



(21) AppL No.: 09/989,030 

(22) Filed: Nov. 21, 2001 



Related U.S. Application Data 

(63) Non-provisional of provisional application No. 
60/254,938, filed on Dec. 11, 2000. 



Patent Application PubUcation Jun. 13, 2002 Sheet 1 of 6 



US 2002/0072706 Al 




Patent Application PubUcation Jun.13,2002 Sheet 2 of 6 US 2002/0072706 Al 




FIG. 3 



Patent Application Publication Jun.13,2002 Sheet 3 of 6 



US 2002/0072706 Al 




FIG. 6 



Patent Application PubUcation Jon. 13, 2002 Sheet 4 of 6 US 2002/0072706 Al 




Patent Application PubUcation Jun.13,2002 Sheet 5 of 6 US 2002/0072706 Al 




FIG. 10 



Patent Application Publication Jun.13,2002 Sheet 6 of 6 US 2002/0072706 Al 




— FIG. IIA 

PRIOR ART 





* FIG. 11 C 




FIG. IID 



162 



us 2002/0072706 Al 



1 



Jun. 13, 2002 



TRANSLUMINAL DRUG DELIVERY CATHETER 

RELATED APPUCAHONS 

[0001] This application is based on prior copending pro- 
visional application Serial No. 60/254,938, filed on Dec. 11, 
20(X), the benefit of the filing date of which is hereby 
claimed under 35 U.S.C. § 119(e). 

HELD OF THE INVENTION 

[0002] The present invention is generally directed to the 
delivery of medical agents through a body passage, and 
more specifically, to the delivery of therapeutic and diag- 
nostic agents through the wall of a vascular conduit where 
the agents are too large to diffuse through the walls of 
adjacent capillary blood vessels into the surrounding inter- 
stitial tissue. 

BACKGROUND OF THE INVENTION 

[0003] It is often necessary to deliver therapeutic and 
diagnostic agents through the wall of a vascular vessel and 
into the interstitial tissue of a patient. Such medical agents 
include antibiotics, chemotherapy agents, proteins, DNA, 
stem cells, and even conjugated particles or drug delivery 
vessels such as liposomes. Delivery of low molecular weight 
medical agents into interstitial tissue is easily accomplished 
due to the permeability of the capillary and venule blood 
vessels to small molecules. Typically, such drugs are admin- 
istered by intravenous injection. The injected drug is carried 
throughout the body with the patient's blood and passes into 
all tissues having sufficiently permeable capillary blood 
vessels. Unfortunately, drugs delivered in this manner may 
reach many locations in a patient's body where the drug is 
not desired. Accordingly, it would be desirable to provide a 
drug delivery system that more specifically targets the 
portions of the body that should receive the drug being 
administered. 

[0004] The endothelial cells that line the inner walls of 
most capillary vessels have a spacing of approximately 8 
nanometers, allowing molecules smaller than 8 nanometers 
to pass into the interstitial tissue beyond the wall. This 
permeability effectively limits drug delivery across the cap- 
illary endothelium to smaller molecules having a mass of 
less than about 10,000 Daltons. Several technologies have 
been developed to increase the permeability of capillaries, 
including vasoactive drugs that increase endothelial cell 
spacing and eleclroporation, to effectively increase the rate 
of drug delivery across the endothelium. However, it is still 
very difficult to deliver large molecules and cellular agents 
into the vessel wall or into the interstitium beyond, without 
some type of physical puncturing device. 

[0005] Furthermore, in some cases it is desirable to deliver 
a medical agent into the interstitial space surrounding a 
vessel that is impermeable, to a molecule of any weight. Such 
vessels include arteries and veins, neither of which allow 
transfer of an agent into the interstitial tissue surrounding 
them. Local intramural delivery devices address this prob- 
lem by contact or penetration of the vessel wall and drug 
delivery to that site. 

[0006] While several catheters have been designed for 

delivering agents to a vessel, none of them have successfully 
incorporated all of the following desirable features: simplic- 



ity of use, minimal systemic drug delivery, and a simple, 
reliable mechanical design. For example, one catheter is 
disclosed by Helzel in U.S. Pat. No. 4,861,336 as a puncture 
catheter for piercing the vena cava to gain access to the 
portal vein. Iliis fiuid communicating path is then stabilized 
with a porto-caval shunt. While the catheter described is 
useful for making this connection, it is neither sufficiently 
small nor flexible enough to be readily inserted and used in 
small, and often torturous, arteries and veins. 

[0007] U.S. Pat. No. 5,354,279 (Hofling) discloses a cath- 
eter for injection of a fluid into body cavities or hollow 
organs, which includes a plurality of hollow, round needles 
within the catheter shaft. Retraction of a catheter head 
causes the needles to project from the catheter head through 
openings proximate the distal end of the catheter assembly. 
In one embodiment, a balloon is disposed on the catheter in 
order to dilate any plaque that may be present within the 
vessel. Once the needles penetrate into the wall of the cavity, 
the fluid is injected into the wall. Movement of a plurality of 
needles through a relatively long intravascular catheter 
typically would be subject to significant drag between the 
needles and the catheter shaft. The Hofling design provides 
a catheter that has low retraction friction forces, since the 
needles do not slide relative to the catheter shaft. Unfortu- 
nately, the Hofling catheter includes many elements, result- 
ing in a catheter that is too stiff and bulky to navigate a 
torturous path through blood vessels. Additionally, the ves- 
sel wall piercing force is generated only by the stiffness of 
the pre-curved needles, limiting the piercing force that can 
be applied by the small needles. This problem is significant 
if the catheter is placed within a vessel that is significantly 
larger than the catheter diameter, because as the thin needles 
extend beyond the stabilizing catheter shaft, they experience 
buckling forces as they attempt to penetrate the vessel wall. 
This problem is especially pronounced if the vessel is thick 
and muscular, as is often the case in large arteries. Even if 
the needle successfully pierces such a vessel wall, it is likely 
to curve in an unpredictable and undesirable manner, due to 
the buckling instability of a round needle under the applied 
longitudinal force. 

[0008] This buckling instability is partially addressed by 
Faxon et al., in U.S. Pat. No. 5,464,395. The Faxon device 
is a catheter incorporating a lumen passage with a round 
needle cannula slidably disposed within it. It also includes a 
lumen for advancing the catheter over a pre-positioned guide 
wire, as is known in the art. The catheter is advanced over 
the guide wire within an artery while the needle is in a 
retracted position within a lumen of the catheter. The tissue 
piercing tip of the needle is normally curved so that it will 
exit the distal opening of the catheter lumen at an angle 
between 30^ and 90**. Advancing the needle pushes the 
ciu^ed and sharpened tip outward from the catheter and into 
the artery wall. However, when in the retracted position, the 
curve of the needle has a tendency to flex the catheter into 
that same curve, unless the catheter shaft is stiffer than the 
needle. Thus, the catheter either is caused by the needle to 
have a curve at the distal end, making navigation and guide 
wire tracking more difficult, or the catheter shaft itself is 
sufficiently stiff to resist the curving force firom the needle 
cannula, which again causes difficulty in navigation and 
advancement of the catheter along a tortuous path over the 
guide wire. 
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[0009] The Faxon catheter includes an asymmetrically 
disposed balloon that is fixedly and sealably secured to the 
distal portion of the shaft on the opposite side as the exit 
orifice provided for the tip of the needle cannula. Inflation of 
the balloon brings the distal portion of the catheter into 
direct contact with the artery wall. This configuration 
reduces the buckling tendency of the needle as it pierces the 
wall by shortening the distance between the exit orifice in 
the catheter and the vessel wall. However, because the 
needle is round, it may still curve in any direction as it 
extends further from the catheter exit orifice. This problem 
limits the user's ability to accurately target the needle tip in 
interstitial tissue at a distance from the vessel puncture 
location. Additionally, because the balloon does not expand 
against the entire inner circumference of the vessel, it 
provides limited stability during needle advancement 
through the vessel wall. 

[0010] The balloon described by Faxon is attached by 
adhesive or heat bonding, making it very difficult to attach 
a balloon so as to provide complete, or nearly complete 
(360°) contact with the vessel wall, if the balloon is proxi- 
mate to the needle exit orifice. This difficulty is due to the 
position of the needle exit orifice being located at the balloon 
to shaft seal. Faxon discloses a configuration wherein a 
balloon providing fuU wall contact is positioned distal to the 
needle cannula. While providing excellent sealing of the 
balloon to the catheter shaft, this configuration lacks 
adequate direct support for the needle during its extension 
into the vessel wall. 

[0011] Neither Faxon, nor any of the previously described 
catheters, address the need to provide torque control or 
visual guidance of the catheter shaft for precise rotational 
positioning of the catheter tip. Thus, the methods and 
devices used in the prior art to deliver medical agents into or 
beyond the wall of a vessel passage using a catheter 
advanced needle have several deficiencies relating to flex- 
ibility, trackability, torqueability, and the precise targeting of 
the agent administered to the vessel wall or interstitial tissue. 

SUMMARY OF THE INVENTION 

[0012] The present invention is directed to a method and 
apparatus for delivering a medical agent from within a body 
passage, such as a blood vessel. In accord with the present 
invention, a medical agent delivery device is defined that can 
readily be advanced through small and tortuous passages 
and precisely positioned to deliver a medical agent to a 
desired location. In general, the delivery device is config- 
ured as a catheter that includes an elongated shaft having at 
least one lumen through which an elongated tissue piercing 
member is advanced. The tissue piercing member is suffi- 
ciently flexible that the catheter is readily advanced through 
small, tortuous vessels, yet is also sufficiently rigid as to 
enable penetration into tissue around a vessel. 

[0013] Preferably, the tissue piercing member is asym- 
metrically flexible, such that the member is substantially 
more flexible about a first cross-sectional axis than it is about 
a second cross-sectional axis that is substantially different 
than the first cross-sectional axis. Such a characteristic 
enables the piercing member to be readily deflected away 
from a longitudinal axis of the catheter and into tissue 
outside the vessel, while minimizing any buckling that 
would tend to inhibit the piercing member from piercing the 



waU of the vessel or adversely affecting the aim of the 
piercing member. A piercing member having a rectangular 
cross-sectional shape can be beneficially employed, as well 
as other shapes that are not symmetric in all directions. 
Preferred cross-sectional shapes that provide such flexibility 
include those having a width along a first orthogonal axis 
that is substantially greater than a width along a second 
orthogonal axis. 

[0014] An asymmetrically flexible tissue piercing member 
can also be provided that has a cross-sectional shape that is 
symmetric relative to two orthogonal cross-sectional axes. 
For example, a square shaped tissue piercing member can be 
asymmetrically flexible if adjacent sides are fabricated to 
have different flexibility. Use of such a tissue piercing 
member in a catheter provides a device having sufficient 
flexibility such that it is readily advanced through small 
vessels, yet which is sufficiently rigid as to enable penetra- 
tion into tissue adjacent to the vessel. 

[0015] Another aspect of the present invention ensures 
that the distal end of the catheter can be accurately posi- 
tioned within a body passage. Specifically, the shape of the 
tissue piercing member relative to a lumen through which 
the tissue piercing member moves within the catheter 
ensures that the tissue piercing member cannot freely rotate 
within the lumen, thereby enhancing a level of control a user 
has in determining a location at which the tissue piercing 
member will penetrate a wall of the body passage. 

[0016] StiU another aspect of the present invention is 
realized by ensuring that the cross-sectional size and shape 
of the tissue piercing member and the lumen through which 
the tissue piercing member moves are selected so that 
friction between the tissue piercing member and the lumen 
is reduced and by minimizing the points of contact between 
the tissue piercing member and the walls of the lumen. 

[0017] To ensm"e that the tissue piercing member is prop- 
erly positioned for good penetration into the wall of the body 
passage, an inflatable baUoon can be disposed on the cath- 
eter opposite an exit orifice in the lumen through which the 
tissue piercing member passes to reach the wall of the body 
passage. When inflated, the balloon both stabilizes the 
catheter within the body passage, and firmly biases the exit 
orifice of the lumen against the wall of the body passage, 
ensuring that the tissue piercing member is properly dis- 
posed to readily pierce the body passage wall. Another 
element enhancing penetration of the body passage wall by 
the tissue piercing member is a ramp that is formed in the 
lumen of the catheter and disposed adjacent the exit orifice. 
The ramp deflects the tissue piercing member toward the 
body passage wall, at an angle closer to perpendicular to the 
longitudinal axis of the catheter than would be possible 
without the ramp. The use of such a ramp enables good 
penetration of the body passage wall to be achieved without 
requiring that the tissue piercing member be pre-curved, 
since use of a pre-curved tissue piercing member can make 
the catheter difficult to advance through tortuous vessels. 

[0018] Alternatively, two balloons, respectively disposed 
distally and proximally to the exit orifice in the lumen, can 
be employed. When inflated, these balloons isolate a portion 
of the body passage, so that no medical agent can migrate 
either proximally or distally, relative to the exit orifice in the 
lumen through which the tissue piercing member passes. 
When the tissue piercing member is a solid wire, rather than 
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a needle that includes its own liimen, the wire is advanced 
through the exit to create a channel that passes through the 
body passage wall into tissue beyond. When the wire is 
removed, a medical agent is introduced via the lumen in the 
catheter, filling the volume in the body passage isolated 
between the two balloons and flowing through the channel 
into tissue beyond the body passage. Also, the two balloons 
can instead be disposed on opposing sides of the catheter, 
forcing the catheter to bend, thereby ensuring that the tissue 
piercing member enters the wall of the body passage at an 
angle more nearly perpendicular to a longitudinal axis of the 
body passage than would otherwise be possible. In another 
embodiment of the present invention, one of the balloons is 
formed integral to a shaft of the catheter, to minimize the 
number of joints that could leak. 

[001 9] A still further aspect of the present invention relates 
to a method for delivering a medical agent to a desired 
location within a patient's body, the steps of which are 
generally consistent with the functions provided by the 
elements of the apparatus described above. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

[0020] The foregoing aspects and many of the attendant 
advantages of this invention will become more readily 
appreciated as the same becomes better understood by 
reference to the following detailed description, when taken 
in conjunction with the accompanying drawings, wherein: 

[0021] FIG. 1 is a schematic side view of an embodiment 
of a catheter system in accord with the present invention, 
showing a piercing needle in a distally extended position, 
and a fully inflated distal eccentric balloon; 

[0022] FIG. 2 is an enlarged, cross-sectional view of the 
distal end of the catheter of FIG. 1; 

[0023] FIG. 3 is a cross-sectional view of the distal end of 
the catheter, taken along section line 3-3 in FIG. 2; 

[0024] FIG. 4 is a schematic side view of an embodiment 
of a catheter system in accord with the present invention that 
includes two distal eccentric balloons, disposed within a 

vein; 

[0025] FIG. 5 is an enlarged side view of the distal end of 
the catheter of FIG. 4, showing the balloons inflated and a 
piercing member in a retracted position; 

[0026] FIG. 6 is an enlarged side view of the distal end of 
the catheter of FIG. 5, showing the balloons inflated and the 
piercing member in a distally extended position, during drug 
delivery into tissue surrounding the vein; 

[0027] FIG. 7 is an enlarged, cross-sectional view of the 
distal end of yet another embodiment of a catheter in accord 
with the present invention, showing an opposed pair of 
inflated balloons, and a piercing member in a distally 
extended position, during drug delivery into tissue surround- 
ing the vein; 

[0028] FIG. 8 is a side view illustration of a distal portion 
of yet another embodiment of a catheter in accord with the 
present invention, showing an inflated balloon, a needle in a 
distally extended position, and an extended ramp that 
deflects the needle in a desired direction; 



[0029] FIG. 9 is a partial cutaway cross-sectional view of 
a needle disposed within a lumen of a catheter shaft, the 
lumen having a shape designed to minimize Mctional forces 
between the needle and the lumen; 

[0030] FIG. 10, is a similar view of a different embodi- 
ment than that shown in FIG. 9, wherein a differently shaped 
lumen and needle that similarly reduce frictional forces 
between the needle and the lumen are employed; 

[0031] FIG. IIA (Prior Art) is a cross-sectional view of a 
piercing member that is symmetrically flexible about any 
cross-sectional axis; and 

[0032] FIGS. IIB-IID are cross-sectional views of dif- 
ferent embodiments of piercing members that exhibit asym- 
metrical flexibility about different cross-sectional axes, in 
accord with the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0033] Overview 

[0034] The present invention is used for delivering a 
medical agent to tissue external to a body passage, such as 
a blood vessel, by advancing a catheter to a desired position 
within the body passage. The catheter includes an elongated 
tissue piercing member, whose construction or cross-sec- 
tional shape provides sufficient flexibility such that it doesn't 
restrict the catheter from being readily advanced through 
small, tortuous vessels, yet is sufficiently rigid to enable 
penetration into tissue outside the body passage. In one 
embodiment, the shape of the tissue piercing member rela- 
tive to a lumen through which the tissue piercing member 
moves within the catheter ensures that the tissue piercing 
member cannot freely rotate within the lumen, thereby 
enhancing a level of control that a user has in determining 
a location where the tissue piercing member will penetrate 
a wall of the vessel. Further embodiments, as described in 
detail below, include one or more balloons disposed on the 
catheter to enhance the ability of the tissue piercing member 
to penetrate tissue, a lumen having a cross-sectional size and 
shape to reduce friction with the tissue piercing member, and 
a ramp provided in the catheter to direct the tissue pierdng 
member outwardly into the wall of the vessel. 

[0035] Definition of Terms 

[0036] Before explaining how these features are imple- 
mented, it will be helpful to define several terms. Note that 
the definitions provided below are applicable both to this 
disclosure and to the claims that follow. 

[0037] A "catheter" refers to a tubular, flexible instrument 
that is inserted into a patient's body for withdrawing or 
introducing fluids, or performing diagnostic or therapeutic 
procedures, and which is usable within a duct, a blood 
vessel, a hollow organ, or a body cavity — all of which are 
encompassed within the term "body passage" as used herein 
and in the claims. 

[0038] A "desired tissue location" refers to a site in a 
patient's body where a medical agent is to be locally 
delivered. The desired tissue location may be tissue com- 
prising the inner, middle, or outer wall of a body passage, or 
tissue external to the wall of the body passage. Once the 
general desired tissue location has been selected, knowledge 
of the vascular, lymph, or bile system at that location will 
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permit the user to select an appropriate access site and a 
catheter of the proper dimension that can be advanced 
through a vein, artery, bile duct, lymph duct, or other 
anatomical body passage in proximity to the desired tissue 
location. 

[0039] The term "medical agent" encompasses therapeutic 
agents, diagnostic agents, imaging agents, cellular agents, 
and other agents that are of medicinal value. A medical agent 
may also comprise conjugated agents, incorporating func- 
tional components including carriers (such as micropar- 
ticles) or encapsulating agents (such as liposomes), thera- 
peutic agents (such as drugs or prodrugs), imaging agents 
(such as radioactive components), and targeting agents (such 
as antibodies). Without implying any limitation of the 
present invention, exemplary examples of carriers and 
encapsulants include polymer solids, polymer gels, nio- 
somes, and microscopic bubbles. 

[0040] The term "therapeutic agent" refers to any drug, 
chemical or other material that might be infused to an 
internal treatment site within a patient's body, or used in the 
treatment of a disease or disorder. Examples, without limi- 
tation, include gene therapy agents, antibiotics, chemo- 
therapy agents, anti-neoplastics, hormones, antivirals, radia- 
tion (via radiation sources such as cobalt, radium, 
radioactive sodium iodide, etc.), anticoagulants, enzymes, 
hepatoprotectants, vasodilators, prodrugs, and the like. A 
therapeutic agent may also be combined with another liquid 
such as physiologic saline or the like, and may be admin- 
istered using the apparatus and methods described herein in 
accord with the present invention. 

[0041] The term "diagnostic agent" refers to any chemical 
or other material that is used to detect or to determine the 
nature of a disease or disorder. Exemplary examples of 
diagnostic agents include, without implying any limitation 
of the present invention, dyes that react with metabolic 
products of a particular disease, and radioactive materials 
that bind to and thereby indicate the presence of disease- 
causing entities within a patient's body. 

[0042] The term "imaging agent" refers to any material 
comprising an agent that is employed with various types of 
body scanners to more readily distinguish a specific tissue 
from surrounding tissues. Examples, without limitation, 
include radiopaque contrast agents imaged by X-ray sys- 
tems; ferromagnetic or superparamagnetic metal particles 
imaged by magnetic resonance; and gas bubbles, low den- 
sity spheres, and hollow spheres imaged by ultrasound. 

[0043] The term "cellular agent" refers to a biological 
cellular structure, either living or non-living. Examples of 
cellular agents include viruses, bacteria, autologous, 
homologous, or interspecies cells such as stem cells, 
immune cells such as T cells, natural killer cells, B cells, 
monocytes, lymphokine-activated killer cells, tumor-infil- 
trating lymphocytes, lymph node lymphocytes, endothelial 
cells, hepatocytes, antigen-presenting cells, islet cells, and 
the like. 

[0044] The term "asymmetrical flexibility" indicates an 
element that has different levels of flexibility about different 
cross-sectional axes. FIG. IIA (described in detail below) 
illustrates an element exhibiting symmetrical flexibility, 
while FIGS. IIB-UD (also described in detail below) illus- 
trate examples of elements exhibiting asymmetrical flexibil- 
ity. 



[0045] The term "axially symmetrical" indicates an ele- 
ment that is symmetrical about any cross sectional axis, 
whereas the term "axially asymmetrical" indicates an ele- 
ment that is symmetrical about less than all cross sectional 
axes. Both a square and a circle are axially symmetrical, thus 
both FIGS. IIA and UD (described in detail below) illus- 
trate shapes exhibiting axial symmetry. FIGS. 11 B and IIC 
(also described in detail below) illustrate examples of shapes 
exhibiting axial asymmetry. 

[0046] The term "about" means that the characteristic 
modified by such term may vary by zero to 20 percent from 
the nominal value for that characteristic, and still be within 
the scope of this invention, unless expressly stated to the 
contrary. 

[0047] Catheter Design Considerations 

[0048] A catheter designed for delivery of a medical agent 
into the waU of a body passage or beyond into a desired 
tissue location, must meet certain requirements. These 
requirements include the ability to traverse and navigate 
through smaU and torturous body passages or vessels, often 
at a substantial distance from an initial insertion point into 
the body. A catheter preferably has sufficient flexibility to 
follow or track over a thin guide wire that is inserted a 
patient's body and advanced to a desired location and then 
used to define the path and form a guiding rail for advancing 
the catheter to the desired location. Having been advanced 
to the desired location, the catheter must be manipulated to 
orient the drug delivery mechanism disposed at the distal 
end, into the proper orientation relative to the body passage 
into which the catheter has been inserted. To enable accurate 
control of the distal end of the catheter, the catheter must be 
able to accurately transmit torque firom the proximal end to 
the distal end, with repeatability and precision, and with a 
minimal amount of windup or twisting, as the catheter shaft 
is rotated. If the catheter shaft experiences windup, it will 
tend to suddenly release that twist in a rapid, uncontrolled 
manner (referred to by clinicians as whipping), making it 
almost impossible to control the final rotational orientation 
of the distal end of the catheter. These requirements dictate 
that a suitable catheter possess both longitudinal flexibility 
and rotational stifi&iess. If a the drug delivery mechanism 
includes a needle (or wire) that is used to penetrate the vessel 
wall, it is also desirable to maintain the correct orientation 
and stability of the needle as is extends beyond the end of the 
catheter. If the needle is too stiff, it will adversely affect the 
tracking of the catheter tip over the guide wire, and if too 
flexible, it will tend to buckle, so that the wall of the body 
vessel is not penetrated or so that the aim is deflected to an 
undesired location. 

[0049] Preferred embodiments of the current invention 
meet all of these requirements by employing several novel 
elements, including a needle having an asymmetrical flex- 
ibflity relative to its cross-section, and various means to 
position the needle tip securely against the vessel wall 
during penetration. In at least one embodiment, the asym- 
metrical flexibility is provided by a piercing element whose 
cross sectional shape is axially asymmetrical, while in at 
least one additional embodiment, the asymmetrical flexibil- 
ity is provided by a piercing element whose cross sectional 
shape is axially symmetrical. The present invention also 
enables the user to maintain visibility of both the longitu- 
dinal and rotational position of the distal end of the catheter 
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and the needle during use, with a minimum ntimber of 
additional parts, by combining functions of many of the 
components of the catheter. Thus, a mechanically robust and 
simple catheter is achieved. Embodiments of the present 
invention eliminate joints and bonds found in prior art 
catheters, to achieve a more robust structure than is typical 
in prior art catheters used to administer a medical agent to 
a desired site. 

[0050] Exemplary Preferred Embodiments 

[0051] Referring to FIGS. 1-3, an exemplary catheter 
assembly 66 includes an elongated shaft 12, having a 
proximal end 14 attached to a fitting 16, and a distal end 18 
that includes an eccentrically disposed inflatable balloon 20. 
Fitting 16 has a piercing needle port 22, a guide wire port 24, 
and a balloon inflation luer port 26. An elongated piercing 
needle 30 enters catheter 66 through piercing needle port 22, 
a distal end 32 of piercing needle 30 exits obliquely from 
distal end 18 of the catheter, at a location opposite inflatable 
balloon 20. A drug infusion luer port 28 is attached at the 
proximal end of piercing needle 30, and is in fluid commu- 
nication with a lumen 46 (FIG. 3) that runs through the 
length of piercing needle 30. 

[0052] A syringe (not shown) containing a medical agent 
(such as a therapeutic agent) to be injected into a patient's 
tissue may be attached to drug infusion luer port 28. Catheter 
66 is of a length sufficient to be introduced into a suitable 
vessel, such as a femoral vein, and to extend to a desired 
vein, such as a coronary vein, in proximity to a desired tissue 
location within a patient. Preferably, catheter 66 is con- 
structed of suitable materials and is of a cross-sectional size 
that wiU provide adequate flexibility to negotiate a path 
through coronary veins that may be curving and torturous. 

[0053] Catheter shaft 12 includes a piercing needle lumen 
34, a guide wire lumen 36, and a balloon inflation lumen 38, 
each extending from catheter shaft proximal end 14 to 

catheter shaft distal end 18. Guide wire lumen 36 is pref- 
erably circular to accommodate a round guide wire (also not 
shown), while piercing needle lumen 34 is rectangular to 
accommodate a generally rectangular piercing needle 30. 
Piercing needle lumen 34 intersects an orifice 42 in a wall 44 
of catheter shaft distal end 18. Orifice 42 is sized to allow 
piercing needle distal end 32 to exit obliquely fi-om lumen 34 
and is located opposite from balloon 20. Piercing needle 
distal end 32 has an angled, sharp tip 52, to engage and 
pierce the vessel wall (not shown in these figures) and to 
facilitate penetration through that vessel wall. 

[0054] Balloon inflation lumen 38 is preferably crescent 
shaped, thereby enabling baUoon 20 to be formed integrally 
with catheter shaft 12. Balloon catheters typically are fab- 
ricated by adhesively or thermally bonding the ends of a 
separate balloon onto a catheter shaft. If a separate, eccentric 
balloon were used in this embodiment of the present inven- 
tion, it would similarly require an additional bond between 
the balloon and the catheter shaft around orifice 42. Main- 
taining such a bond, without leakage, while inflating the 
balloon, is very difficult. By forming eccentric baUoon 20 
integrally with shaft 12, multiple bonds between the balloon 
and the catheter shaft are eliminated, along with the possi- 
bility of leakage from such bonds. Because balloon 20 is 
integrally formed with catheter shaft 12, a material must be 
selected that the requirements for both elements. Suitable 



materials include polyurethane, cross-linked polyethylene, 
polyamide, or preferably a polyether block amide such as 
PEBAX®. 

[0055] Piercing needle 30 is slidably disposed in piercing 
needle lumen 34, and its distal end 32 is outwardly deflected 
by an inclined slope 48 on a proximal end of ramp pin 50, 
as piercing needle 30 is advanced distally to exit obliquely 
through orifice 42. Ramp pin 50 is an elongate element 
having the same cross-section size and shape as piercing 
needle lumen 34, and is preferably secured in position within 
piercing needle lumen 34 by adhesive bonding, thermal 
bonding, or other suitable attachment methods. 

[0056] It is often necessary to rotationally position the 
distal end of the catheter in order to advance the piercing 
needle into the appropriate tissue. This function requires a 
catheter that has rotational sensitivity and control as well as 
a marker (such as a fluoroscopic agent) that indicates the 
rotational position of the distal end, thus enabling the proper 
orientation of the piercing needle to be achieved. Previous 
drug delivery catheters have employed substantially round 
needles or piercing membeis in substantially rotmd catheter 
lumens. In such a catheter, rotating the catheter generally 
does not rotate the round needle, and as the catheter shaft 
twists during rotation, alignment is not maintained between 
slope 48 and angled tip 52. Consequently, there is a strong 
possibility that jamming will occur when the angled tip is 
advanced against ramp pin 50. Preferably, in the present 
invention, neither the needle nor the catheter shaft (lumen 
34, in which the needle is slidably disposed) are round, but 
instead, each of these elements have corresponding cross- 
sectional shapes that prevent a loss of alignment by ensuring 
that the needle or the catheter cannot rotate independently of 
each other. 

[0057] Note that because ramp pin 50 is fabricated with a 
rectangular cross-section and contains slope 48, it can also 
serve as a rotational fluoroscopic marker if made firom a 
radiopaque material, or plated with such a material. A 
preferred material for ramp pin 50 is tungsten, because it is 
both radiopaque and hard, providing an excellent, smooth 
surface against which angled piercing needle tip 52 can 
readily slide outwardly from the catheter shaft. 

[0058] A rectangular cross-sectional shape has an added 
benefit for piercing needle 30, besides preventing loss of 
alignment. Its relatively thin vertical (as shown in FIG. 3) 
thickness 54 (i.e., the shorter cross-sectional dimension), 
enables the needle to easily flex outward when advanced 
distally, yet the relatively wide horizontal (as shown in FIG. 
3) width 56 (i.e., the larger cross-sectional dimension) 
prevents twisting, buckling, and veering as the needle pen- 
etrates the vessel wall, and advances into the interstitial 
tissue, thus providing more accurate aiming and placement 
of needle tip 52 in the desired tissue location. A suitable 
thickness 54 for piercing needle 30 is about 0.007 inches, 
and a suitable width 56 is about 0.014 inches if the needle 
is made from a metal such as 304 stainless steel. If con- 
structed from a more flexible material, such as a polymer, 
these dimensions should be increased in order to maintain 
the appropriate combination of stiffiiess and flexibility. 
Needle 30 is preferably made from a suitable biocompatible, 
radiopaque metal such as tungsten, gold alloy, platinum 
alloy or palladium alloy. Other suitable materials include 
stainless steel or nickel-titanium alloys, incorporating a 
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gold, platinum, or similar radiopaque coating. While a 
rectangular cross-section is a preferred shape, it should be 
noted that a specific shape is not so important, so long as a 
shape that is selected, regular or irregular, has a cross- 
section such that its dimension along a first cross-sectional 
axis is substantially greater than along a second cross- 
sectional axis that is substantially different than the first 
cross-sectional axis. The differences in length of such cross- 
sectional axes ensure that the needle will exhibit different or 
asymmetrical flexibility about these axes. A cross-sectional 
shape, such as rectangle or elongated diamond shape, has 
such unequal length cross-sectional axes. Thus it should be 
understood that many different cross sectional shapes exhib- 
iting axial asymmetry can be beneficially employed to 
provide a piercing element expressing such asymmetrical 
flexibility. It should also be noted, as is described in more 
detail below, relative to FIG, IID, that cross-sectional 
shapes that have equal orthogonal cross-sectional axes (such 
as squares and circles) can also exhibit asymmetrical flex- 
ibility, if suitably constructed. 

[0059] In certain applications, it may be desirable to 
reduce the sliding Motion between piercing needle 30 and 
lumen 34. This reduction in sliding friction may be by 
coating one or both surfaces with low fi-iction materials such 
as PTFE, silicone, or polyolefin or hydrogel polymer coat- 
ings. Alternatively (or in addition), as will be described in 
more detail below with respect to FIGS. 9 and 10, the 
cross-sectional shapes of the needle and lumen can be 
selected so as to further reduce firictional forces between 
those elements. 

[0060] Balloon inflation lumen 38 must be closed at its 
distal end 40 in order to contain fluid during inflation of 
balloon 20. The closure of this lumen may be accomplished 
by thermally forming a tip 64 on distal catheter shaft 18. 
Such tip formation is well known in the art and may be 
accomplished by a variety of methods, including thermal 
forming using resistance heated or induction heated dies. 
During this tip closing operation, distal end 62 of piercing 
needle lumen 34 may be closed, capturing ramp pin 50, 
assuring that it cannot move from its desired position 
adjacent to orifice 42. Additionally, radiuses 58 and 60 may 
be formed on the distal end of the catheter shaft, making tip 
64 smooth and atraumatic to passage through a vessel. 

[0061] In use, catheter assembly 66 is advanced over a 
pre-positioned guide wire (not shown) disposed within guide 
wire lumen 36, until distal end 18 is disposed at the site of 
desired drug delivery. In order to provide a very flexible 
catheter, piercing needle 30 may be partially or fiiUy with- 
drawn from catheter lumen 34 as the catheter is thus 
positioned, thereby increasing the flexibility of catheter 
distal end 18, providing enhanced tracking of the catheter 
shaft over the guide wire. Once catheter distal end 18 is 
properly positioned in the desired vessel location (not 
shown), piercing needle 30 may be advanced distally 
through the needle piercing lumen, until angled tip 52 is 
disposed in catheter distal end 18. With needle 30 now 
extended through the full length of lumen 34, torque applied 
to fitting 16 is transferred easily to catheter distal end 18, 
because needle 30 has a high degree of torsional stiffness, 
and its non-circular cross-section cannot rotate within non- 
circular piercing needle lumen 34. Since ramp 48 is made of 



radio opaque material, an operator can readily visualize the 
exact rotational position of distal end 18 using an appropri- 
ate imaging system. 

[0062] Balloon 20 is next inflated using a pressurized fluid 
inflator (not shown) attached to balloon inflation port 26. As 
balloon 20 is inflated, it urges orifice 42 on catheter distal 
end 18 firmly against the vessel wall that is opposite the 
balloon. Piercing needle 30 may then be distally advanced 
through lumen 34 and up slope 48, which deflects tip 52 out 
through orifice 42, into the vessel wall and beyond, as 
desired by the operator. A syringe (not shown) containing the 
desired medical agent may be attached to drug infusion luer 
port 28. TTie syringe (or other fluid delivery device) admin- 
isters the medical agent through piercing needle lumen 46 
and into the desired tissue location. Very little medical agent 
is lost (i.e., not infused into the desired tissue) during 
injection because balloon 20 presses catheter orifice 42 
firmly against the vessel wall. Balloon 20 may then be 
deflated and catheter 66 removed or repositioned for admin- 
istration of the medical agent at a different desired location. 

[0063] Although as described this embodiment of the 
invention includes an axially asymmetrical (e.g., having a 
rectangular cross-sectional shape) tissue piercing member 
that extends the full length of the catheter shaft, it should be 
appreciated that this attribute is only required for that 
portion of the piercing member that is disposed and 
advanced from within the distal portion of the catheter shaft. 
In some cases, it may be desirable to fabricate the tissue 
piercing element by partially flattening the distal end of a 
round or square shaft or needle to obtain the desired axial 
asymmetry, and the corresponding asymmetrical flexibility, 
in each axis. 

[0064] FIGS. 4-6 iUustrate another embodiment of the 
present invention, with FIG. 4 showing the entire device, 
and FIGS, 5 and 6 showing only an enlarged view of the 
distal end of the catheter, during several steps of delivering 
a medical agent 92 through the wall of a vein. In these 
figures, those parts having the same function as in the 
previous embodiment are designated by the same reference 
numerals. 

[0065] Catheter assembly 70 includes elongated shaft 12 
having proximal end 14 attached to a fitting 72 and a distal 
end 74 having two eccentric inflatable baUoons 20. Fitting 
72 includes a piercing wire port 78, guide wire port 24 and 
balloon inflation luer port 26. An elongated piercing wire 76 
enters catheter 70 through piercing wire port 78, and its 
distal end 80 exits obliquely from catheter distal end 74 at 
a location between eccentric baUoons 20, and on the oppo- 
site side of the catheter shaft. Drug infusion luer port 28 is 
in fluid communication with a piercing wire lumen 96 of 
catheter shaft 12 within fitting 72. Medical agent 92, to be 
injected into the patient's tissue, may be administered with 
a syringe (not shown) when attached to drug infusion luer 
port 28. Note that piercing wire 76 is distinguished from 
piercing needle 30 in that the needle is hollow, while the 
wire is solid cored. Thus, the wire forms a channel when it 
is withdrawn, so that a medical agent can be delivered 
through the channel after the piercing wire is withdrawn, 
while the needle actuaUy delivers the medical agent before 
the needle is withdrawn. 

[0066] Catheter shaft 12 includes piercing wire lumen 96, 
guide wire lumen 36, and balloon inflation lumen 38, each 
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extending from catheter shaft proximal end 14 to catheter 
shaft distal end 74. Piercing wire lumen 96 is rectangular in 
cross-section to accommodate the rectangular cross-sec- 
tional piercing wire 76, which has an angled and sharply 
pointed distal end 82. Piercing wire lumen 96 is somewhat 
larger than piercing wire 76 in both height and width in order 
to provide area for flow of the desired medical agent 92 
during administration through the catheter. Piercing wire 
lumen 96 extends past orifice 42 in wall 44 of the catheter 
shaft distal end 74. Orifice 42 is sized to allow piercing wire 
distal end 80 to exit from piercing wire lumen 96. Piercing 
wire 76 is slidably disposed in piercing wire lumen 96 and 
its distal end 80 is bent outwardly, so that it exits from orifice 
42, when as the distal end of the piercing wire is advanced 
distally along inclined slope 48 on the proximal end of ramp 
pin 50. The proximal end of piercing wire 76 is attached to 
a handle 84 to enable an operator to easily manipulate the 
piercing wire. 

[0067] Catheter 70 is shown inserted percutaneously and 
transluminally into a patient's blood vessel 86 within a 
tissue 88. For example, one application of the catheter might 
be to deliver an angiogenic growth factor such as vascular 
endothelial growth factor (VEGF) into the myocardium of a 
patient through a blood vessel, such as the middle cardiac 
vein. FIG. 5 shows catheter distal end 74 positioned within 
vessel 86 and balloons 20 inflated, thus urging orifice 42 
against the opposite wall of vessel 86. 

[0068] FIG. 6 illustrates the delivery of medical agent 92 
into tissue 88 after piercing wire distal end 80 has formed a 
channel 90 and has been withdrawn from the channel. The 
operator accomplishes this by advancing piercing wire 
pointed distal end 82 against slope 48 so that distal end 80 
is directed outwardly from catheter distal end 74 through 
orifice 42, penetrating the wall of vessel 86 and into passing 
into tissue 88 beyond the vessel wall. After piercing the 
tissue to the desired depth, distal end 80 of piercing wire 76 
is withdrawn back into piercing wire lumen 96, as shown in 
FIG. 6. The desired medical agent 92 is directed into drug 
infusion luer port 28, using a syringe (not shown) or other 
pressurizing means. Drug infusion luer port 28 (FIG. 4) is 
in fluid communication with piercing wire lumen 96, allow- 
ing medical agent 92 to flow around distal end 80 of piercing 
wire 76 within lumen 96 and exit through orifice 42 into the 
channel that the piercing wire created in the tissue. Inflated 
balloons 20 form a sealed segment 94 within vessel 86, thus 
preventing medical agent 92 from escaping from the sealed 
segment either proximally or distally by flowing through 
vessel 86. Medical agent 92 is thus forced into channel 90. 
After delivery of the medical agent is complete, balloons 20 
are deflated and catheter 70 is removed, or moved to another 
location for additional drug delivery. 

[0069] If it is desired to further limit the amount of 
medical agent 92 that enters into the patient's vascular 
circulation, the operator may elect to attach suction means 
97 to drug infusion luer port 28, after the medical agent has 
been delivered into channel 90. Suitable suction means 
include the use of wall suction, or suction available in most 
hospital settings, generally provided by a centralized facility 
vacuum system, or individual suction pumps. Syringes or 
suction bulbs can also be employed. Slow deflation of 
balloons 20 allows blood to seep into isolated vein segment 
94 as excess drug within the segment is evacuated by the 
suction means. Thus, balloons 20 perform three different 



functions, including positioning orifice 42 in a desired 
location within vessel 86, urging and stabilizing orifice 42 
against vessel 86 during piercing wire distal end 80 pen- 
etration, and containing medical agent 92 within sealed 
segment 94 during delivery of the medical agent into chan- 
nel 90. 

[0070] FIG. 7 illustrates yet another embodiment of the 
invention, showing an enlarged, cross-section of a distal end 
100 of a transluminal drug delivery catheter, that is disposed 
within vessel 86, surrounded by interstitial tissue 88. This 
embodiment provides a catheter that can deliver a drug into 
a channel that is perpendicular or nearly perpendicular to the 
longitudinal axis of the catheter shaft and of the vessel, 
through a vessel waU, where the channel was formed by 
distal end 80 of piercing wire 76. As with the previous 
embodiment, two baUoons form an isolated sealed segment 
during drug delivery into the formed channel. This embodi- 
ment also provides the same perpendicular (relative to the 
longitudinal axis of the catheter shaft and vessel) drug 
delivery to the tissue if a piercing needle (not shown) is used 
instead of a piercing wire. A catheter shaft 106 also includes 
piercing wire lumen 96, guide wire lumen 36, and balloon 
inflation lumen 38. Located on a distal end 100 of the 
catheter shaft are two inflatable balloons, the more distal 
being balloon 20, which is formed integrally with catheter 
shaft 106, as previously described, or formed separately and 
bonded to catheter shaft 106. A more proximal baUoon 120 
is formed separately and bonded to catheter shaft 106 by 
adhesive or thermal bonding, at proximal balloon end 108 
and distal balloon end 110. Balloon 120 is bonded on shaft 
106 in a position disposed about 180 degrees around the 
longitudinal axis of the catheter shaft (i.e., on the opposite 
side of the catheter shaft from balloon 20), thus requiring 
separate fabrication and attachment. BaUoons 20 and 120 
are inflated with a pressurized fluid delivered through bal- 
loon inflation lumen 38. Pressurization of balloon 120 from 
inflation lumen 38 is accomplished by an orifice 112 located 
in a wall 114 of catheter shaft 106. Inflation of balloons 20 
and 120 result in the displacement of catheter shaft 106 
against blood vessel 86, forming the catheter shaft into two 
reverse bends 118, and forming the portion of the catheter 
shaft that is thus bent at an angle 122 relative to the 
longitudinal axis of the straight portion of catheter shaft 
segment 116. Orifice 42 in wall 44 of the catheter shaft is 
thus positioned approximately midway between balloons 20 
and 120 on catheter shaft segment 116. As in previous 
embodiments, extending distal end 80 of piercing wire 76 
against inclined slope 48 on ramp pin 50 and through orifice 
42 results in a very steep piercing angle 124 through the wall 
of vessel 86. This steep piercing angle is helpful in precisely 
delivering drugs in small or complexly disposed anatomical 
locations. 

[0071] FIG. 8 illustrates yet another preferred embodi- 
ment of the invention, showing a distal portion 130 of a 
transluminal drug delivery catheter that includes eccentric 
inflatable balloon 20 and rectangular piercing needle 30 
disposed within lumen 34. In this embodiment, ramp pin 132 
is bonded within lumen 34, distal to orifice 42. Ramp pin 
132 is formed from rectangular stainless steel wire with the 
substantially the same cross-sectional dimensions as lumen 
34 and has a bent configuration that forms a curved, inclined 
slope 134, facing proximally. By curving the ramp pin in this 
configuration, the piercing needle may be extended from the 
catheter at a steeper angle than if just using the sloping end 
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of the ramp pin to deflect the piercing needle, thereby 
improving the depth and accuracy of drug delivery into the 
interstitial tissue. 

[0072] FIGS. 9 and 10 illustrate preferred embodiments 
designed to reduce the sliding friction between the piercing 
member and the catheter shaft lumen. Although both ele- 
ments may optionally also be fabricated from or coated with 
low friction materials, it may be desirable to further reduce 
the friction by minimizing the surface areas between the 
piercing member and the lumen thai are in contact with each 
other. FIG. 9 shows a solid rectangular piercing wire 96 
within a lumen 142. All four sides of lumen 142 have a 
convex cross-sectional shape (i.e., are bowed inwardly) to 
minimize surface contact with wire 96, since the inner 
surface of the lumen only contacts the piercing wire at points 
144 on the long sides and at points 146 on the short sides of 
the lumen. FIG. 10 shows an oval, hollow piercing needle 
150 within a rectangular lumen 152. This combination of 
lumen and needle shape also effectively limits or reduces 
contact between the inner surfaces of the lumen and the 
piercing needle to points 154 on the long sides and points 
156 on the short sides of the lumen. 

[0073] FIGS. IIA-IID illustrate different cross-sectional 
shapes of piercing members, and show how flexible the 
piercing member is along each of two different cross- 
sectional axes. FIG. IIA shows a prior art piercing member 
that is equally flexible about two different cross-sectional 
axes (see arrows). FIG. IIB illustrates a piercing member 
having a generally rectangular cross-section, which is much 
more flexible about a first cross-sectional axis (solid line 
arrows) than it is about a second cross-sectional axis (dash 
line arrows). FIG. IIC shows a hollow needle having a 
generally circular cross-sectional lumen and with wings 160 
added on opposite sides of the cross-sectional shape to 
stiffen the piercing member relative to bending about the 
axis that extends orthogonally to the axis through the wings. 
Note that the cross sectional shape of FIG. IIC is axially 
asymmetrical about an axis 161. Finally, FIG. IID illus- 
trates a generally square shaped cross-section of a piercing 
member fabricated from a first material 162 on two opposite 
sides that is significantly more flexible than a second mate- 
rial 164 from which the two other sides are fabricated. Note 
that the piercing member of FIG. IID is similarly much 
more flexible about a first cross-sectional axis (solid line 
arrows) than it is about a second cross-sectional axis (dash 
line arrows), even though the dimensions across each of 
these orthogonal axes are substantially equal. Thus, different 
dimensions across two cross-sectional axes, while represent- 
ing one way of providing the required asymmetrical flex- 
ibility, are not the only way contemplated to provide the 
asymmetrical flexibility. 

[0074] Although the present invention has been described 
in connection with the preferred form of practicing it and 
modifications thereto, those of ordinary skill in the art will 
understand that many other modifications can be made to the 
present invention within the scope of the claims that follow. 
Accordingly, it is not intended that the scope of the invention 
in any way be limited by the above description, but instead 
be determined entirely by reference to the claims that follow. 



The invention in which an exclusive right is claimed is 
defined by the following: 

1. A tissue piercing catheter comprising: 

(a) an elongate catheter shaft, adapted to be inserted into 
a body passage; and 

(b) a tissue piercing member, slidably disposed within 
said catheter shaft, said tissue piercing member having 
at least a distal portion that is constmcted to be asym- 
metrically flexible, such that said tissue piercing mem- 
ber is substantially more flexible about a first cross- 
sectional axis than it is it about a second cross-sectional 
axis that is substantially different than the first cross- 
sectional axis. 

2. The catheter of claim 1, further comprising: 

(a) means to extend the distal portion of said tissue 
piercing member that is asymmetrically flexible, from 
the catheter shaft and into a desired tissue location that 
is external to the catheter shaft, and 

(b) means to deliver at least one of a therapeutic agent and 
a diagnostic agent to the desired tissue location. 

3. The catheter of claim 1, wherein said distal portion of 
said tissue piercing member comprises a sharpened tip. 

4. The catheter of claim 1, wherein said tissue piercing 
member comprises a limien adapted to deliver at least one of 
a therapeutic agent and a diagnostic agent into a tissue. 

5. The catheter of claim 1, wherein the distal portion of 
said tissue piercing member that is asymmetrically flexible 
comprises a composite structure, including a first material 
and a second material, said first material being substantially 
more flexible than the second material, and said first and 
second materials comprising different peripheral portions of 
said tissue piercing member. 

6. The catheter of claim 1, wherein the distal portion of 
said tissue piercing member that is asymmetrically flexible 
has a cross-sectional shape such that a dimension of said 
cross-sectional shape along said first cross-sectional axis is 
substantially shorter than a dimension of said cross-sectional 
shape along said second cross-sectional axis. 

7. The catheter of claim 1, wherein the distal portion of 
said tissue piercing member that is asymmetricaUy flexible 
has a cross-sectional shape that is axially asymmetrical. 

8. The catheter of claim 1, wherein the distal portion of 
said tissue piercing member that is asymmetrically flexible 
has a generally rectangular cross-sectional shape. 

9. The catheter of claim 1, wherein the distal portion of 
said tissue piercing member that is asymmetrically flexible 
has a generally oval cross-sectional shape. 

10. The catheter of claim 1, wherein the catheter shaft 
comprises a lumen in which said tissue piercing member is 
slidably disposed, an inner surface of said lumen being 
coated with a material that reduces a sliding friction between 
the tissue piercing member and the inner surface of said 
lumen. 

11. The catheter of claim 1, wherein the catheter shaft 
comprises a lumen in which said tissue piercing member is 
slidably disposed, said lumen having a size and a shape 
chosen to minimize a frictional contact with said tissue 
piercing member. 

12. The catheter of claim 11, wherein said lumen has a 
generally rectangular cross-sectional shape, such that at least 
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one side of the generally rectangular cross-sectional shape is 
arcuate in shape to reduce a frictional contact with said 
tissue piercing member. 

13. The catheter of claim 1, further comprising an inflat- 
able balloon disposed on a distal end of said catheter shaft, 
wherein the catheter shaft further includes a balloon lumen 
adapted to convey a pressurized fluid that is used to inflate 
said inflatable balloon. 

14. The catheter of claim 13, wherein the balloon lumen 
has a generally crescent shaped cross-section. 

15. The catheter of claim 13, wherein the inflatable 
balloon is formed integrally with the catheter shaft. 

16. The catheter of claim 1, wherein the catheter shaft 
further comprises: 

(a) an orifice disposed proximate a distal end of said 
catheter shaft; 

(b) a lumen in which said tissue piercing member is 
slidably disposed, said lumen being in communication 
with said orifice; and 

(c) a ramp disposed within said lumen adjacent to said 
orifice, said ramp deflecting said tissue piercing mem- 
ber outwardly £rom said catheter shaft as said tissue 
piercing member is distally advanced. 

17. The catheter of claim 16, wherein said ramp extends 
outwardly beyond a perimeter of said catheter shaft. 

18. The catheter of claim 16, wherein said ramp comprises 
a generally elongate member having a cross-sectional size 
and a shape substantially equal to a cross-sectional size and 
a shape of said lumen, so that a portion of said elongate 
member is disposed within the lumen. 

19. The catheter of claim 16, wherein said ramp comprises 
a radiopaque material. 

20. The catheter of claim 19, wherein said ramp comprises 
tungsten. 

21. The catheter of claim 16, wherein said ramp comprises 
a guide channel into which said tissue piercing member is 
slidably directed as said tissue piercing member is distally 
advanced. 

22. The catheter of claim 16, wherein at least a portion of 
said ramp is curved to form an inclined plane. 

23. The catheter of claim 22, wherein said at least a 
portion of said ramp that is curved extends outwardly of said 
lumen through said oriflce. 

24. The catheter of claim 16, wherein said ramp is 
disposed flush within said lumen. 

25. The catheter of claim 16, further comprising: 

(a) an inflatable balloon disposed on the catheter shaft 
opposite said orifice, such that when the inflatable 
balloon is inflated, said orifloe is forced by the inflat- 
able balloon toward a wall of a body passage into which 
said catheter is inserted; and 

(b) a balloon lumen within said catheter shaft and in fluid 
communication with the inflatable balloon, said balloon 
lumen being adapted to convey a fluid used to inflate 
said inflatable balloon. 

26. The catheter of claim 16, further comprising a first 
inflatable balloon disposed adjacent to and proximal of said 
orifice, and a second inflatable balloon disposed adjacent to 
and distal of said orifice, such that when both the first 
balloon and the second balloon are inflated, a portion of a 
body passage into which said catheter is inserted, is sub- 
stantially isolated. 



27. The catheter of claim 25, wherein said first inflatable 
balloon and said second inflatable balloon are disposed 
opposite said orifice, such that when both the first balloon 
and the second balloon are inflated, said orifice is forced 
toward a wall of a body passage into which said catheter is 
inserted. 

28. The catheter of claim 25, wherein said first inflatable 
balloon is disposed on a same side of said catheter as said 
orifice and said second inflatable balloon is disposed on an 
opposite side of said catheter firom said orifice, such that 
when both the first balloon and the second balloon are 
inflated, said catheter shaft is deflected relative to a longi- 
tudinal axis of the catheter shaft, thereby enabling said tissue 
piercing member to more readily pierce extravascular tissue 
by directing said tissue piercing member at an angle more 
nearly perpendicular to the longitudinal axis of the catheter 
shaft. 

29. The catheter of claim 28, wherein an extent by which 
the catheter is deflected about its cross-sectional axis is 
sufficient to enable the tissue piercing member to pierce an 
extravascular tissue at an angle approaching the perpendicu- 
lar relative to the longitudinal axis of the catheter shaft. 

30. A catheter for directly delivering a medical agent into 
extravascular tissue, comprising: 

(a) an elongate catheter shaft, adapted to be inserted into 

a body passage; 

(b) a tissue piercing member, slidably disposed within a 
lumen formed in said catheter shaft, said tissue piercing 
member having at least a distal portion that is asym- 
metrically flexible, such that said tissue piercing mem- 
ber is substantially more flexible about a first cross- 
sectional axis than it is it about a second cross-sectional 
axis that is substantially different than the first cross- 
sectional axis; 

(c) means for both piercing an extravascular tissue and 
delivering a medical agent into an extravascular tissue; 

(d) an orifice disposed in said lumen, adjacent a distal end 
of said catheter shaft; and 

(e) a ramp disposed within said lumen such that said 
orifice overlaps at least a portion of said ramp, said 
ramp comprising a guide channel into which said tissue 
piercing member is slidably disposed as said tissue 
piercing member is advanced, thereby deflecting said 
tissue piercing member outwardly and away from a 
longitudinal axis of said catheter shaft. 

31. A catheter for directly delivering a medical agent into 
an extravascular tissue, the catheter comprising: 

(a) an elongate catheter shaft, adapted to be inserted into 
a body passage, said elongate catheter shaft including 

a lumen; 

(b) a tissue piercing member, slidably disposed within the 
lumen in said catheter shaft, said tissue piercing mem- 
ber having at least a distal portion that is asymmetri- 
cally flexible, such that said tissue piercing member is 
substantially more flexible about a first cross-sectional 
axis than it is it about a substantially different second 
cross-sectional axis; 

(c) means for both piercing extravascular tissue and 
delivering the medical agent into said extravascular 
tissue; 
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(d) an orifice disposed in said lumen, adjacent a distal end 
of said catheter shaft; and 

(e) a ramp disposed within said lumen such that said 
orifice overlaps at least a portion of said ramp that is 
formed into an inclined plane, said ramp deflecting said 
tissue piercing member outwardly, away from a longi- 
tudinal axis of said catheter shaft as said tissue piercing 
member is advanced distally through the lumen, said 
ramp comprising a generally elongate member having 
a cross-sectional size and shape generally equal to a 
cross-sectional size and shape of said lumen. 

32. A catheter for directly delivering a medical agent into 
an extravascular tissue, the catheter comprising: 

(a) an elongate catheter shaft, adapted to be inserted into 
a vascular passage, said elongate catheter shaft includ- 
ing a lumen; 

(b) a tissue piercing member, slidably disposed within the 
lumen of said elongate catheter shaft, said tissue pierc- 
ing member having at least a distal portion that is 
asymmetrically flexible, such that said tissue piercing 
member is substantially more flexible about at least one 
cross-sectional axis than about other cross-sectional 
axes; 

(c) means for both piercing extravascular tissue and 
delivering a medical agent into an extravascular tissue; 

(d) an orifice disposed in said lumen, adjacent a distal end 
of said catheter shaft; and 

(e) a first inflatable balloon disposed adjacent to and 
proximal of said orifice on a same side of said catheter 
as said orifice, and a second inflatable balloon disposed 
adjacent to and distal of said orifice on an opposite side 
of said catheter from said orifice, such that when both 
the first inflatable balloon and the second inflatable 
balloon are inflated, said catheter is deflected relative to 
a longitudinal axis of the catheter shaft, thereby 
enabling said tissue piercing member to more readily 
pierce an extravascular tissue by moving through the 
orifice. 

33. A catheter for directly delivering a medical agent into 
an extravascular tissue, the catheter comprising: 

(a) an elongate catheter shaft, adapted to be inserted into 
a vascular passage, said elongate catheter shaft having 
a lumen formed therein; 

(b) a tissue piercing member, slidably disposed within the 
lumen of said catheter shaft; 

(c) means for both piercing extravascular tissue and 
delivering a medical agent into an extravascular tissue; 

(d) an orifice disposed in said lumen, adjacent to a distal 
end of said catheter shaft; and 

(e) a first inflatable balloon disposed adjacent to and 
proximal of said orifice on a same side of said catheter 
as said orifice, and a second inflatable balloon disposed 
adjacent to and distal of said oriflce on an opposite side 
of said catheter from said orifice, such that when the 
first inflatable balloon and the second inflatable balloon 
are inflated, said catheter is deflected relative to a 
longitudinal axis of the catheter shaft, thereby enabling 
said tissue piercing member to more readily pierce an 



extravascular tissue when distally advanced through 
said lumen and out through the orifice. 

34. The catheter of claim 33, wherein a distal end of said 
tissue piercing member comprises a sharpened tip. 

35. The catheter of claim 33, wherein said tissue piercing 
member has a lumen adapted to deliver at least one of a 
therapeutic agent and a diagnostic agent into an extravas- 
cular tissue. 

36. The catheter of claim 33, wherein at least a distal 
portion of said tissue piercing member is asymmetrically 
flexible, such that said tissue piercing member is substan- 
tially more flexible about at least one cross-sectional axis 
than about other cross-sectional axes. 

37. The catheter of claim 36, wherein said distal portion 
of said tissue piercing member that is asymmetrically flex- 
ible comprises a composite strucmre exhibiting different 
flexibility at different positions around a longitudinal axis of 
the composite structure. 

38. The catheter of claim 36, wherein said distal portion 
of said tissue piercing member that is asymmetrically flex- 
ible has a cross-sectional shape such that a dimension of said 
cross-sectional shape along a first cross-sectional axis is 
substantially less than a dimension of said cross-sectional 
shape along a second cross-sectional axis that is orthogonal 
to the first cross-sectional axis. 

39. The catheter of claim 36, wherein said distal portion 
of said tissue piercing member that is asymmetrically flex- 
ible has a cross-sectional shape that is axially asymmetrical. 

40. The catheter of claim 36, wherein said distal portion 
of said tissue piercing member that is asymmetrically flex- 
ible has one of a generally rectangular cross-sectional shape 
and a generally oval cross-sectional shape. 

41. The catheter of claim 33, wherein the catheter shaft 
comprises a lumen in which said tissue piercing member is 
slidably disposed, said lumen being formed so as to reduce 
ftictional contact with said tissue piercing member by hav- 
ing one of a: 

(a) a surface coating on an interior surface of the lumen 
that reduces friction; and 

(b) a size and a shape that minimizes ftictional contact 
between the interior surface of the lumen and said 
tissue piercing member. 

42. The catheter of claim 41, wherein said lumen has a 
generally rectangular cross-sectional shape, and wherein at 
least one side of the generally rectangular cross-sectional 
shape is arcuate in shape, to reduce the firictional contact 
with said tissue piercing member. 

43. The catheter of claim 33, further comprising a balloon 
lumen adapted to convey a pressurized fluid used for inflat- 
ing said first and second balloons, said balloon lumen having 
a generally crescent shaped cross-sectional shape. 

44. The catheter of claim 33, wherein at least one inflat- 
able balloon is formed integrally with the catheter shaft. 

45. The catheter of claim 33, wherein the catheter shaft 
further comprises a ramp disposed within said lumen such 
that said orifice overiaps at least a portion of said ramp, said 
ramp deflecting said tissue piercing member outwardly away 
from a longitudinal axis of said catheter shaft as said tissue 
piercing member is advanced distally through the lumen and 
out through the orifice. 

46. The catheter of claim45, wherein said ramp extends 
beyond a perimeter of said catheter shaft. 
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47. The catheter of claim 45, wherein said ramp comprises 
a radiopaque material. 

48. The catheter of claim 43, wherein said ramp comprises 

tungsten. 

49. The catheter of claim 45, wherein said ramp comprises 
a guide channel into which said tissue piercing member is 
slidably disposed as said tissue piercing member is 
advanced. 

50. The catheter of claim 45, wherein said ramp comprises 
a generally elongate member that is disposed at least partly 
within said lumen, distal to said orifice, an end of said ramp 
that is disposed closest to said orifice comprising an inclined 
plane. 

51. The catheter of claim 45, wherein said ramp comprises 
a generally elongate member that is disposed flush within 
said lumen, said portion of the ramp comprising an inclined 
plane. 

52. The catheter of claim 45, wherein said ramp comprises 
a curved portion that extends outwardly of said lumen 
through said orifice. 

53. A catheter for directly delivering a medical agent into 
an extravascular tissue, comprising: 

(a) an elongate catheter shaft, adapted to be inserted into 
a vascular passage, said elongate catheter shaft includ- 
ing a limien; and 

(b) a tissue piercing member slidably disposed within the 
lumen of said catheter shaft, a size and shape of both 
said tissue piercing member and said lumen cooperat- 
ing so as to prevent said tissue piercing member from 
rotating within said lumen. 

54. A method for accurately positioning a tissue piercing 
member in a desired portion of an extravascular tissue 
disposed proximate a body lumen, comprising the steps of: 

(a) forming the tissue piercing member such that the 
tissue piercing member is substantially more flexible 
about a fiist cross-sectional axis, and is substantially 
less flexible about a second cross-sectional axis that is 
different than the first cross-sectional axis; 

(b) including said tissue piercing member in a catheter 
assembly, such that said tissue piercing member is 
slidably disposed within said catheter assembly to be 
advanced through said catheter assembly; 

(c) inserting said catheter assembly into the body lumen 
and advancing the catheter assembly through the body 
lumen until a distal portion of said catheter assembly is 
proximate the desired portion of the extravascular 
tissue; and 

(d) advancing the tissue piercing member through the 
catheter assembly, until said tissue piercing member 
exits said distal portion of said catheter assembly 
proximate the desired portion of the extravascular 
tissue, the substantial flexibility about said first cross- 
sectional axis enabling said tissue piercing member to 
be deflected away from said catheter assembly about 
the first cross-sectional axis and toward said desired 
portion of the extravascular tissue, while the substan- 
tially lesser flexibility about said second cross-sectional 
axis substantially preventing buckling of said tissue 
piercing member, enabling the tissue piercing member 
to accurately penetrate the desired portion of the 
extravascular tissue. 



55. The method of claim 54, wherein the step of advanc- 
ing the catheter assembly through the body lumen comprises 
the steps of: 

(a) sensing a position of the distal portion of said catheter 
assembly relative to the desired portion of the extravas- 
cular tissue; and 

(b) manipulating the catheter assembly within the body 
passage, relative to the desired portion of the extravas- 
cular tissue, until the distal portion of said catheter 
assembly is disposed adjacent the desired portion of the 
extravascular tissue; 

(c) preventing the independent rotation of the tissue 
piercing member within the catheter assembly; and 

(d) simultaneously rotating the catheter assembly and the 
tissue piercing member until the tissue piercing mem- 
ber is disposed adjacent to the desired portion of the 
extravascular tissue. 

56. The method of claim 54, wherein the step of advanc- 
ing the tissue piercing member through the catheter assem- 
bly comprises the step of deflecting the tissue piercing 
member away firom a longitudinal axis of said catheter 
assembly. 

57. The method of claim 56, wherein the step of deflecting 
the tissue piercing member away from the longitudinal axis 
of said catheter assembly comprises the step of advancing 
the tissue piercing member along a ramp directing the tissue 
piercing member away from a longitudinal axis of said 
catheter assembly and toward the desired portion of 
extravascular tissue. 

58. The method of claim 56, wherein the step of deflecting 
the tissue piercing member away from the longitudinal axis 
of said catheter assembly comprises the steps of: 

(a) inflating a first balloon disposed adjacent to and 
proximal of an orifice through which the tissue piercing 
member extends when advanced, said first balloon 
being disposed on a same side of the catheter assembly 
as the or^ce; 

(b) inflating a second balloon disposed adjacent to and 
distal of the orifice, said second balloon being disposed 
on an opposite side of the catheter assembly from said 
orifice, the inflation of both the first and second bal- 
loons causing a portion of said catheter assembly 
disposed between the first and second balloons to flex 
and bend; and 

(c) advancing the tissue piercing member along a ramp 
formed in the catheter assembly that directs the tissue 
piercing member outwardly and away from the flexed 
portion of said catheter assembly, through the oriflce, 
and toward the desired portion of the extravascular 
tissue. 

59. The method of claim 54, further comprising the step 
of administering a medicinal fluid into the extravascular 
tissue through the catheter assembly and a lumen formed in 
the tissue piercing member, after the tissue piercing member 
has pierced the extravascular tissue. 

60. A method for accurately administering a medical 
agent to a desired portion of an extravascular tissue disposed 
proximate a body lumen, comprising the steps of: 

(a) inserting a catheter assembly into the body lumen and 
advancing the catheter assembly through the body 
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lumen, bringing a distal portion of said catheter assem- 
bly to a position that is proximate the desired portion of 
the extravascular tissue; 

(b) inflating a first balloon disposed adjacent to and 
proximal of an orifice in a wall of the catheter assem- 
bly, and on a same side of the catheter assembly as the 

orifice; 

(c) inflating a second balloon disposed adjacent to and 
distal of the orifice, and on an opposite side of the 
catheter assembly from said orifice, the inflation of 
both the first and the second balloons causing a portion 



of said catheter assembly disposed between the first and 
second balloons to flex and bend; 

(d) advancing a tissue piercing member through a lumen 
in the catheter assembly until said tissue piercing 
member exits said distal portion of said catheter assem- 
bly through the orifice proximate the desired portion of 
the extravascular tissue, and pierces the desired portion 
of the extravascular tissue; and 

(e) administering the medical agent to the extravascular 
tissue through the catheter assembly and through a 
lumen in the tissue piercing member. 

* * )ti * * 
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(57) ABSTRACT 

A hypodermic syringe includes a housing (1), a plunger (2) 
with an associated piston (3), a needle carrier (4) with a 
needle (5) covered by a removable sheath (6). A vacuum is 
formed between the plunger (2) and piston (3). When the 
plunger (2) is operated, the piston (3) engages the needle 
carrier and a coupling between the plunger and piston is 
broken, so that the vacuum withdraws the piston (3) into the 
plunger (2), together with the needle carrier, so as to retract 
the needle into the housing (1). The needle carrier (4) is 
rectangular in cross-section and is received in a correspond- 
ing rectangular sectioned housing opening (1.2) in order to 
prevent rotation of the needle carrier relative to the housing. 
This facilitates removal of the needle sheath, without the risk 
of a needle stick injury prior to use of the syringe, and allows 
for the separate and external fitting of a needle. 
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HYPODERMIC SYRINGES 

HELD OF THE INVENTION 

[0001] This invention relates to hypodermic syringes and 
particularly to a syringe in which the needle can be with- 
drawn. 

BACKGROUND 

[0002] Over recent years, the use of disposable syringes 
and needles has become increasingly dangerous. Although 
the risk of accidental scratch or puncture by a used needle, 
a so-called needle stick injury, has always existed, the 
increased risk of infection with, for example HIV or hepa- 
titis has become a growing concern to all involved in the 
provision of health care, 

[0003] It is estimated that in the USA, there are approxi- 
mately 1,000,000 needle stick injuries annually which result 
in some 20,000 instances of infection with HIV or hepatitis. 

The consequent cost of these injuries is estimated at US$3 
billion per annum. Hypodermic syringes with a retracting 
needle have been proposed, so that the needle is retracted 
after use to avoid needle stick injuries. For example U.S. Pat. 
No. 5,211,628 discloses a hypodermic syringe with a ho^^s- 
ing, a plunger, a needle carrier with a needle mounted 
thereto, the needle carrier being mounted on the housing in 
a housing aperture, with the needle extending outwardly 
from the housing, and a stored energy configuration, the 
plunger and the stored energy configuration being arranged 
so that when the syringe is used and the plunger moves 
towards the needle carrier, it become attached thereto and 
the stored energy in the stored energy configuration is 
released to retract the needle carrier and the needle into the 
housing through the housing aperture. 

[0004] In our co-pending application PCT/GB99/03170 
(WO 00/18454) there is described a disposable syringe in 
which the needle is fitted with a sheath that is attached to the 
needle carrier. The pre-sheathed needle is fitted into the 
housing aperture from within the housing thereby reducing 
the risk of needle injuries. A problem with this arrangement 
is that when the user wishes to remove the sheath, the needle 
carrier, which is circular in cross-section rotates within the 
housing aperture, making it dif5cult to remove the sheath by 
the usual twisting action. 

[0005] Another problem arises if it is desired to make the 
needle detachable from the needle carrier. In a conventional 
syringe, the needle may be attached to the housing by a push 
fit. If the needle is push fitted to the movable needle carrier, 
to provide needle interchangeability, there is problem that 
the stored energy configuration, when withdrawing the 
needle carrier into the housing, may cause the needle to 
become detached from the needle carrier. It has been pro- 
posed in conventional syringes to securely attach a needle to 
the syringe using a so-called "Luer lock" which requires 
rotation of the needle axially relative to its mounting, so as 
to lock it in position. However, such a locking arrangement 
cannot be readily used with a retractable needle carrier 
because rotation of the needle will also produce rotation of 
the needle carrier relative to the housing making it difiScult 
to secure engagement between them. 

SUMMARY OF THE INVENTION 
[0006] The present invention provides a solution to this 
problem. In accordance with the present invention, the 



housing aperture and the needle carrier are configured so as 
not to rotate relative to one another about the longitudinal 
access of the needle. 

[0007] Thus, a sheath may be mounted on the needle 
carrier surrounding the needle, so as to be removable from 
the carrier utilising an axial rotation of the sheath. 

[0008] The needle may be interchangeably mounted and 
lockable onto the needle carrier by axial rotation of the 
needle relative to the carrier, for example utilising a Luer 
lock. Since the needle carrier is constrained from rotation 
relative to the housing, interchange of the needle on the 
needle carrier can be readily achieved according to the 
invention. 

[0009] The housing aperture and the needle carrier may be 
configured so that the needle and sheath can be fitted within 
the housing. 

[0010] Conveniently, the apermre and the co-acting por- 
tion of the needle carrier may be non-circular and configured 
to permit withdrawal of the needle carrier into the housing 
on release of the stored energy configuration and to prevent 
relative axial rotation thereof. The co-acting portion of the 
needle carrier and the aperture may be rectangular in trans- 
verse cross-section. 

[0011] A piston may be slidably mounted in the housing 
and releasably coupled to the plunger, the piston being 
operable when the plunger is moved towards the needle 
carrier to engage it such that the coupling between the piston 
and the plunger is released with the result that the stored 
energy configuration is released so as to retract the needle 
carried into the housing. 

[0012] The stored energy configuration may comprise a 
vacuum which may be established between the piston and 
the plunger either internally during assembly of the syringe 
or by external means after or during assembly of the syringe. 
Alternative sources of stored energy may be used such as a 
spring. 

[0013] Preferably, the housing aperture is sufficiently large 
to permit a bent needle to be withdrawn into the housing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] In order that the invention may be more fully 
understood embodiments thereof will now be described by 
way of example with reference to the accompanying draw- 
ings in which: 

[0015] FIG. 1 is a schematic cross-section of a first 
embodiment of the invention; 

[0016] FIG. 2 is a schematic cross-section of a second 
embodiment of a syringe according to the invention; 

[0017] FIG. 3 is a schematic exploded illustration of the 
needle carrier and housing aperture in the syringes shown in 
FIGS. 1 and 2; 

[0018] FIG. 4A is an exploded view of a needle carrier 
and changeable needle and sheath arrangement according to 
a modification; and 

[0019] FIGS. 4B and 4C are end views of the needle and 
needle carrier respectively. 
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DETAILED DESCRIPTION 

[0020] Referring to FIG. 1, the syringe comprises a gen- 
erally cylindrical housing 1 that has an open end 1.1 that 
receives a plunger 2 with an associated piston 3. The housing 
1 contains a housing aperture 1.2 which receives the needle 
carrier 4 on which a needle 5 is mounted such that the 
longitudinal axis thereof is coaxial with the longitudinal axis 
of the housing 1 and slidable plunger 2. A sheath 6 with a 
removable end cap 7 is mounted on a coaxial flange 4.1 on 
the needle carrier 4. 

[0021] In use, the plunger and piston arrangement is 
operated in a conventional manner to force an injectant 
through the needle 5 into a patient. Additionally, the syringe 
is provided with an automatic needle withdrawal mechanism 

as will now be explained. 

[0022] The plunger 2 and piston 3 are assembled so as to 
create a vacuum in the interior space between them, which 
provides a stored energy configuration for withdrawing the 
needle, as will be explained later. To this end, the piston 3 
is provided with a triangular sectioned ring 3.1 and the 
plunger is provided with a sealing surface 2.1 and a plunger 
head 2.2 which has a radially inwardly facing lip 2.3 that 
lodges against the triangular sectioned ring 3.1 to provide a 
releasable coupling. The piston 3 carries a seal 8 which 
slidably, sealingly engages the inner surface 2.4 of the 
plunger 2. A closure piece 9 on the plunger 2, is fixedly held 
in place by a wedge section ring 2.5 on the plunger. 

[0023] The needle carrier is formed with a cup 4.2, pro- 
vided with an abutment lip 4.3, which is fixed onto the main 
body 4 of the needle carrier, as can be seen clearly in FIG. 
3. The cup 4.2 is provided with an annular lip 4.4 for 
receiving a head 3.2 on the piston. The piston head 3.2 is 
grooved to provide a by-pass 3.4 and includes a fluid 
passage 3.5. 

[0024] In order to produce a vacuum between the plunger 
and the piston 3 during assembly, the piston 3 and the 
closure piece 9 are placed with their surfaces 10, 11 in 
contact with one another, so as to be held together using an 
appropriate lubricant. They are then inserted as one piece 
through the end of the plunger 2 and the closure piece 9 is 
inserted into groove 2.5. Thereafter, the piston 3 is slid 
axially along the plunger until the triangular section ring 3.1 
snaps past the inward facing lip 2.3, thereby creating and 
maintaining a vacuum inside the plunger 2 and holding the 
piston 3 and plunger 2 together as once piece. The plunger 
closure 9 remains at the end of the plunger 2. The plunger 
and piston assembly is then ready for insertion into the 
housing 1. 

[0025] However, before inserting the piston and plunger 
assembly, the assembly of the needle carrier 4, which 
includes the needle 5 together with sheath 6 and end cap 7, 
is inserted into the housing, so as to protrude through the 
housing aperture 12, with the abutment 4.3 engaging the 
interior of the aperture. The aperture 1.2 is sufficiently large 
to allow the passage of the needle 5, pre-shrouded by the 
protective sheath 6. The needle sheath and end cap 6, 7 thus 
affords protection to the needle 5 and also guidance when 
entering and locating the needle assembly in the housing 
apertures 1.2. 

[0026] Operation of the syringe follows the established 
practice for disposable syringes. On completion of an injec- 
tion stroke, automatic needle retraction is triggered by 
continued pressure on the plunger 2 by the user. Referring to 
FIG. 1, pressure on the plunger moves the plunger and the 



piston together as a single piece through the interior of the 
housing 1 towards the needle carrier 4, thereby expelling the 
injectant through the needle 5. When the piston 3 meets the 
end wall of the housing 1, the piston head 3.2 enters the cup 
4.2 of the needle carrier 4 and is retained by the lip 4.4. The 
injectant fluid can then flow along the by-pass 3.4 and the 
fluid passage 3.5 thereby avoiding a fluid lock. Further 
inward movement of the piston 3 is now prohibited by the 
housing 1 and as a result, further inward pressure of the 
plunger 2 snaps the inward facing lip 2.3 past the triangular 
section ring 3.1, thereby releasing the piston 3 to slide 
relative to the plunger 2. As a result, the vacuum within the 
plunger 2 draws the piston 3 and the needle carrier 4 
attached to it, into the plunger 2 thereby withdrawing the 
needle carrier 4 and the needle 5 automatically. 

[0027] The pull exerted by the vacuum on the cup 4.2 
during retraction elongates the cup 43 axially, thereby 
reducing its radial pressure against the interior wall of the 
housing 1 allowing free movement axially inwardly of the 
housing 1. 

[0028] Referring now to FIG. 3, it can be seen that the 
housing aperture 12 and the needle carrier 4 are square in 
cross-section such that when the needle carrier is received in 
the housing aperture 1.2 it is prevented firom rotating about 
the axis of the needle 5. Thus, during assembly, when the 
needle carrier is inserted into the housing aperture 1.2 from 
within the housing 1, it is locked against rotation. In accor- 
dance with the invention, this has the advantage that when 
the user wishes to remove the sheath 6, this can be done by 
axially twisting the sheath so to remove it firom the moxmting 
region 4.1. Without this feature, the needle carrier would 
rotate, making it extremely difficult to remove the needle 
sheath without the risk of a needle stick injury, 

[0029] Another embodiment of the invention is shown in 
FIG- 2 wherein like parts are marked with the same refer- 
ence numerals used in FIG. 1. In this embodiment, the 
vacuum produced between the plunger 2 and piston 3 is 
created by using a vacuum pump or other source of vacuum 
that is coupled to orifice 9.1 so as to extract air from the 
interior space between the plunger 2 and piston 3. The orifice 
is thereafter sealed to maintain the vacuum. The plunger is 
operated as previously described with reference to FIG. 1 so 
that when the piston head 3.2 engages the cup shaped 
member 4.2 on the needle carrier, further depression of the 
plunger breaks the releasable connection between the 
plunger 2 and piston 3, with the result that the vacuum 
withdraws the needle carrier 4 together with the needle 5 
axially into the housing 1. 

[0030] The structure of the housing aperture 1.2 and the 
needle carrier 4 is non-circular, as shown in FIG. 3, so as to 
prevent axial rotation of the needle carrier relative to the 
housing 1. 

[0031] It will be understood that man), modifications and 
variations fall within the scope of the claimed invention. For 
example, instead of being rectangular, the needle carrier 4 
and housing aperture 1.2 could be of other mutually co- 
operating non-circular shapes which prevent axial rotation 
of the needle carrier relative to the housing. It will be 
understood that the configuration eases the breaking of 
friction between the needle sheath 6 and the needle carrier 
4 when the needle sheath is partially rotated, thus facilitating 
easier withdrawal of the needle sheath and consequently 
reducing the risk of damage and/or injury during this pro- 
cess. 

[0032] Since the housing aperture 1.2 can be relatively 
large, the described examples of the invention have the 
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capacity to retract a bent needle without it jamming against 
the side walls of the housing. 

[0033] A modification to the syringe is shown in FIG. 4, 
in which the needle is interchangeable. Like parts of those 
of FIGS. 1-3 are marked with the same reference numbers. 
Needle 5 is provided with a mounting nipple 5.1 with 
diametrically opposed end cams 5.2, 5.3. The nipple 5.1 
which may be made of plastics material^ is provided with an 
interior axial bore 5.4. The needle carrier 4 incltides a central 
cylindrical spigot 4.5, which includes an axial bore 4.6 
through which injectant is supplied to the needle 5. The 
spigot 4.5 is formed axially within a mounting recess 4.7 to 
receive the bore 5.4 of the nipple 5.1, the mounting recess 
including detents 4.8, 4.9 to receive the cams 5.2. 5.3. Thus, 
the needle can be moimted onto the needle carrier by 
aligning the cams 5.2, 5.3 with the corresponding detents 
4.8, 4.9 and axially inserting the nipple 5.1 into the mounting 
recess 4.7. Then, by axially rotating the needle so as to 
axially rotate the cams 5.2, 5.3 and misalign them with the 
detents 4.8, 4.9, the needle becomes locked into the needle 
carrier 4. The locking can be released by axially coimter- 
rotating the needle 5 relative to the needle carrier 4 and 
subsequently withdrawing it in a reverse manner. 

[0034] The needle sheath 6 is provided with a peripheral 
mounting ring 6.1 which may be frictionally engaged or 
otherwise releasably gripped onto the needle nipple 5.1. 
Thus, rotation of the needle 5 to lock it in place, can be 
achieved by gripping the needle sheath 6 and rotating the 
entire assembly. The needle can be removed in a reverse 
manner by gripping the sheath. Since the needle carrier 4 is 
rectangular in cross section and prevented from rotation by 
the corresponding shape of housing aperture 1.2, mounting 
and release of the needle from the needle carrier is readily 
facilitated in accordance with the invention. Furthermore, 
when the syringe is used, with the sheath removed, and the 
vacuum between plunger 2 and piston 3 is utilised to 
withdraw the needle carrier into the housing, the needle 5 is 
positively locked into the needle carrier 4, thereby minimis- 
ing the risk of the needle becoming detached as a result of 
the withdrawal process. Thus, a so-called Lure lock can be 
provided between the needle and the needle carrier, such that 
the needle can be rotated to achieve the desired locking 
action, without corresponding rotation of the needle carrier 
4. 

[0035] Generally, it will be appreciated that the described 
embodiments of the invention exhibit the following advan- 
tageous features: 

[0036] i) reliability and ease of use; 

[0037] ii) automatic, complete and immediate retrac- 
tion of the needle following injection; 

[0038] iii) capacity to retract a bent needle; 

[0039] iv) re-exposure of the needle is possible; 

[0040] v) suitable for production in larger size with 

an off-set needle; 

[0041] vi) supplied with the needle fitted and 
sheathed; 

[0042] vii) suitable for supply pre-charged with an 
injectant; 



[0043] viii) accidental needle retraction before injec- 
tion is prevented 

[0044] ix) low production costs; 

[0045] x) firm and compact for safe disposal. 

1. A hypodermic syringe including a housing, a plunger, 
a needle carrier with a needle mounted thereto, the needle 
carrier being mounted on the housing in a housing aperture 
with the needle extending outwardly from the housing, and 
a stored energy configuration, the plunger and the stored 
energy configuration being arranged so that when the 
syringe is used and the plunger moves towards the needle 
carrier, it becomes attached thereto and the stored energy in 
the stored energy configuration is released to retract the 
needle carrier and the needle into the housing through the 
housing aperture, characterised in that the housing aperture 
and the needle carrier are configured so as not to rotate 
relative to one another about the longitudinal axis of the 
needle. 

2. A syringe according to claim 1 wherein the needle is 
receivable onto the needle carrier by axial rotation of the 
needle relative to the carrier. 

3. A syringe according to claim 2 wherein the Luer lock 
is provided for locking the needle onto the needle carrier. 

4. A syringe according to any preceding claim including 
a sheath mounted to the needle carrier and surrounding the 
needle, separable from the carrier by axial rotation of the 
sheath. 

5. A syringe according to claim 4 wherein the housing 
aperture and the needle carrier are configured so that the 
needle and sheath can be fitted &om within the housing. 

6. A syringe according to any preceding claim wherein the 
aperture and a co-acting portion of the needle carrier are 
non-circular and configured to permit withdrawal of the 
needle carrier into the housing on release of the stored 
energy configuration and to prevent relative axial rotation 
thereof. 

7. A syringe according to claim 6 wherein the aperture and 
a co-acting portion of the needle carrier are rectangular in 
transverse cross section. 

8. A syringe according to any preceding claim including 
a piston sUdably mounted in the housing and releasably 
coupled to the plunger, the piston being operable when the 
plunger is moved towards the needle carrier to engage it 
such that the coupling between the piston and the plunger is 
released and such that the stored energy configuration is 
released so as to retract the needle carrier into the housing. 

9. A syringe according to claim 8 wherein the stored 
energy configuration comprises a vacuum established 
between the piston and the plunger. 

10. A syringe according to claim 9 wherein the vacuum 
has been generated internally during assembly of the 
syringe. 

11. A syringe according to claim 7 wherein the vacuum 
has been generated by external means during or after assem- 
bly of the syringe. 

12. A syringe according to any preceding claim wherein 
the housing aperture is sufficiently large to permit a bent 
needle to be withdrawn into the housing by the release of the 
stored energy configuration. 

* « * « « 
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The plastic closure of this 
invention is particularly, but not 
exclusively adapted for sealing 
medicament vials and other 
medical containers or as a collar 
for retaining a fluid transferset 
on a medical container. The 
plastic closure of this invention 
includes a generally tubular 
portion which surrounds the rim 
of the container and a free end 
portion which is permanently 
radially deformed or crimped into 
the neck of the container. The 
plastic closure of this invention is 
formed of a polymer, preferably 
a polymeric alloy or melt blend, 
which is sufficiently malleable 
to permit radial deformation, 




yet sufficiently rigid to retain 
its shape following deformation 

and sufficiently resistant to creep to maintain the seal between the plastic closure and the container following deformation. A preferred 
polymer for the plastic closure of this invention is an alloy or melt blend comprising a relatively rigid polymer such as polycarbonate and 
a soft malleable co-polymer such as a polyester. Where the plastic closure of this invention is used to seal a vial, for example, the closure 
includes a radial portion overlying the rim portion of the stopper having a central opening and a cup-shaped cap is received over the collar 
having retainer portions received within the central opening of the cap which may be removed by finger pressure. When the collar of 
this invention is used to secure a fluid transferset on a vial, the collar includes a proximate tubular portion integral with the radial portion 
which surrounds at least a portion of the transferset. In one embodiment, the second tubular portion surrounds the entire transferset and 
the open end is sealed widi a peel-off seal and in another embodiment a separate cap surrounds the distal end of the transferset. 
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PLASTIC CLOSURE FOR VIALS AND OTHER MEDICAL CONTAINERS 

FIELD OF THE INVENTION 

5 This invention relates to an improved plastic closure such as a cap or collar 

for closing or sealing containers such as vials containing a medicament which 
eliminates the problems associated with a malleable metal cap or collar such as 
aluminum. The plastic closure of this invention may be used as a cap to seal a 
conventional vial having an elastomeric stopper or as a collar for retaining a fluid 

10 transferset separate from or integral with the collar. 

BACKGROUND OF THE INVENTION 

It is conventional to store medicament such as drugs in a sealed vial or other 

15 container for later use. Such medicaments may be in a dry or powdered form to 
increase the shelf life of the drugs and reduce inventory space. Such dry or powdered 
drugs are generally stored in a sealed vial and reconstituted in liquid form for 
administration to a patient by adding a diluent or solvent. Alternatively, the drug may 
be in liquid or even gaseous form. A conventional vial for storing medicament 

20 generally includes an open end, a radial rim portion surrounding the open end and a 
reduced diameter neck portion adjacent the rim portion. The vial is conventionally 
sealed with an elastomeric stopper which generally includes a tubular portion inserted 
into the neck of the vial and a planar rim portion which overlies the vial rim. The 
stopper is normally secured to the vial with a thin malleable metal cap, such as 

25 aluminum. The aluminum cap includes a tubular portion which surrounds the rim 
portions of the stopper and vial, an inwardly projecting annular portion which overlies 
the rim portion of the stopper and a distal end portion which is crimped or deformed 
radially into the vial neck beneath the vial rim portion. Because aluminum is 
malleable, the collar accommodates the buildup of tolerances of the dimensions of the 

30 stopper and vial rim. The dimensions and tolerances of standard vials and stoppers 
are set by the International Standards Organization (ISO). 
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The radial portion of the aluminum cap which overlies the stopper rim portion 
may be closed, in which case the aluminum cap is removed by "peeling" the 
aluminum cap from the vial. A pre-slit tab located in the middle area is provided 
which overlies the vial rim, permitting the cap to be torn from the top and peeled 
5 from the vial prior to use. This closed embodiment of an aluminum cap has several 
disadvantages. First, the tearing of the metal cap creates sharp edges which may cut 
or damage sterile gloves and cut the person administering the drug, thereby exposing 
both the healthcare worker and the patient to disease and contamination of the drug. 
Second, the tearing of the aluminum cap generates metal particles which may also 

10 contaminate the drug. The dangers associated with the tearing of an aluminum cap 
has been solved in part by adding a "flip-off" plastic cap. In one such embodiment, 
the aluminum collar includes a central opening and a shallow plastic cup-shaped cap 
is received over the aluminum collar having a central projecting riveting portion 
which is received and secured in the central opening of the aluminum collar. The 

15 plastic cap is then removed by forcing the flip-off cap away from the aluminum 
collar, which tears an annular serrated portion surrounding the central opening and 
exposes an opening in the collar for receipt of a hypodermic needle or the like. This 
embodiment reduces but does not eliminate the possibility of tearing the sterile gloves 
of the healthcare worker. More importantly, however, aluminum dust is still created 

20 which may contaminate the medicament. It is also important to note that metallic dust 
is also created simply by forming and affixing the aluminum collar to the vial because 
aluminum dust is created in forming the aluminum collar, crimping of the collar and 
removal of the flip-off plastic cap. Aluminum collars have also been used to 

secure a fluid transferset on medicament vials. Transfersets may be utilized, for 

25 example, to transfer fluid from a syringe to a vial, such as to reconstitute a dry or 
powdered drug in a vial by adding a diluent or solvent. The reconstituted drug may 
then be withdrawn from the vial by the syringe. The inner surface of the transferset 
may be part of the drug fluid path and the aluminum collar or ring may bring 
aluminum particles in the sterile room where the drug is added to the vial or into the 

30 drug fluid path contaminating the drug. There have been attempts to reduce this 
problem by applying a coating to the aluminum cap or collar. Finally, the prior art 



wo 99/53886 



PCT/US99/04L16 



-3- 

also includes snap-on cup-shaped plastic caps or collars having a radially inwardly 
projecting end portion which is snapped over the rim portion of the vial. Snap-on 
plastic collars, however, do not assure adequate sealing of the vial or fully 
accommodate the tolerances of standard vials and stoppers as required. 
5 The need therefore remains for a closure for vials and other medical containers 

which may be utilized with conventional containers, such as medicament vials or 
cartridges, which assures sealing of the container and which achieves a good level of 
cleanliness, without metal particles or dust which may contaminate the medicament, 
the transferset or the clean room and which does not expose the healthcare worker to 
10 sharp metal edges. The plastic closure of this invention solves these problems and 
permits the use of the plastic closure of this invention for attaching and sealing 
containers and fluid transfersets as described below. 

SUMMARY OF THE INVENTION 

15 

As set forth above, the plastic closure for sealing a vial or other medical 
container of this invention eliminates the problems associated with a malleable metal 
or aluminum cap or collar, but which accommodates the buildup of tolerances of the 
rim portion of the container and the elastomeric stopper, when used. The plastic 

20 closure of this invention is relatively inexpensive to manufacture and use. The plastic 
closure of this invention may be utilized as a cap to seal a conventional medicament 
vial, as a collar in combination with a flip-off cap or as a collar used to secure and 
seal a transferset on a vial for transferring fluid between a vial or other container and 
a second container. As used herein, the term closure is generic to either a cap or 

25 collar. 

As stated, the plastic closure for sealing a container of this invention may be 
utilized with a conventional vial having an open end and a reduced diameter neck 
portion adjacent the open end. The plastic closure of this invention includes a 
generally tubular portion and a portion which is deformed radially or crimped into the 
30 reduced diameter portion of the container to retain the closure on the container and 
as a cap to seal the open end of the container. The plastic closure of this invention 
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may also be used as a cap or collar with a conventional vial and elastomeric stopper. 
In the preferred embodiment, the plastic closure of this invention is formed of a 
polymer which is sufficiently malleable to permit radial deformation, yet sufficiently 
rigid to retain its shape following deformation and sufficientiy resistant to creep to 
5 maintain the seal between the plastic cap and the container following radial 
deformation. 

The preferred embodiment of the plastic closure of this invention is formed of 
a polymer alloy or melt blend which includes a relatively tough soft malleable co- 
polymer and a relatively rigid polymer. In the most preferred embodiment of the 

10 plastic closure of this invention, the composite polymer is a polymer alloy of a 
relatively soft malleable co-polymer and a relatively rigid polymer. The preferred 
relatively rigid polymer is a polyamid or a polycarbonate and the preferred relatively 
soft co-polymer may be selected from polyesters or polyolefins. The resultant 
polymer alloy or composite preferably has an elongation at yield between 5% and 

15 10% and an elongation at break greater than 100% with a flectural modulus of greater 
than 1900 MPa. 

Where the container includes a radial rim portion adjacent the open end, the 
plastic closure of this invention includes a generally cylindrical tubular portion 
preferably having an internal diameter generally equal to or slightly greater than the 

20 external diameter of the rim portion of the container adapted to be received over the 
rim portion of ttie container having a free distal end adapted to be deformed radially 
inwardly or crimped beneath the rim portion of the container and sealed relation. The 
plastic cap or collar of this invention may also include a radially inwardly projecting 
proximate portion which overlies the rim portion of the container and/or the stopper. 

25 This radial portion may be closed or more preferably includes a central opening which 
may be closed with a flip-off or peel-off type plastic closure or seal. In the preferred 
embodiment, the peel-off seal includes a looped end portion which is welded or glued 
to the tubular portion surrounding the transferset providing indication of tampering 
and a free end which may be gripped to remove the seal. 

30 Where the plastic collar of this invention is utilized to secure a transferset for 

transferring fluid from the container to a second container, the preferred embodiment 
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of the collar includes a second tubular portion which at least partially surrounds the 
internal components of the transferset. In one preferred embodiment, the second 
tubular portion completely surrounds the internal components of the transferset, which 
may have a closed end integral with the second tubular portion or closed with a 

5 sealing member. In the most preferred embodiment, the collar portion is integral with 
the tubular portion surrounding the transferset and the tubular fluid transfer portion 
such that the major components of the transferset may be molded in one piece. In 
another embodiment, the transferset includes a cup-shaped cap which is received over 
the second tubular portion of the collar. In the preferred embodiments of the plastic 

10 collar of this invention which secures or is integral with a transferset attached to the 
container, the internal surface of the tubular portion which surrounds the rim of the 
container includes an annular resilient ring which is biased against the rim portion of 
the container to prevent rotation of the collar and transferset on the vial. In one 
preferred embodiment, the internal surface of this tubular portion includes an annular 

15 groove adjacent the free end of the tubular portion and the annular resilient ring is 
received and retained in the annular groove. The preferred embodiment of the plastic 
closure of this invention may also be formed of a relatively clear polymer or polymer 
alloy which maintains its clarity under the stress of deformation which is particularly 
advantageous where the plastic closure of this invention is utilized as a collar to 

20 secure and seal a transferset on the container. 

The method of this invention then includes forming a plastic closure having 
a generally cylindrical tubular portion having an internal diameter generally equal to 
or slightly greater than an outside diameter of the rim portion of the container and an 
integral radial rim portion, disposing the closure over the rim of the container with 

25 the radial rim portion overlying the rim portion of the vial and the tubular portion 
surrounding the container rim, and then radially permanently deforming or crimping 
the free end of the tubular portion of the collar into the neck portion of the container, 
beneath the rim portion, permanently securing the closure on the container and sealing 
the container open end. In the most preferred embodiment of the method of this 

30 invention, the plastic closure of this invention is formed by injection molding the 
plastic closure from a polymeric alloy or composite having a relatively soft malleable 
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polymer or co-polymer and a relatively rigid polymer, wherein a polymeric alloy or 
composite is formed during the injection molding. Where a resilient or polymeric 
ring is utilized to prevent rotation of the closure on the container, the ring may be co- 
injected with the polymer forming the closure or an annular groove may be formed 

5 in the tubular portion of the closure, adjacent the free end. The method then includes 
inserting the annular resilient ring in the groove prior to radial permanent deformation 
of the free end of the closure as described, such that the resilient ring is biased 
against the rim portion of the container. A thermoplastic elastomer may also be co- 
injected with the polymer forming the closure to form a coating or film on the inside 

10 surface of the closure which is integrally bonded to the polymer of the cap. 

The plastic closure of this invention may be utilized with a vial or other 
medical container having a conventional elastomeric stopper or as a collar in 
combination with a transferset having a sealing member as disclosed in the prior art 
or more preferably the collar portion may be formed integral with components of the 

15 transferset. Where the plastic closure of this invention is used to seal a container 
having an elastomeric stopper, the proximate radial lip of the closure is received over 
and preferably biased against the resilient radial lip of the stopper during radial 
deformation or crimping of the free of the tubular portion of the closure beneath the 
rim of the container. The plastic closure of this invention thus eliminates the 

20 problems associated with malleable metal collars or caps, such as aluminum, and is 
relatively inexpensive, and simple to manufacture, particularly when compared with 
aluminum caps having a protective coating. The plastic closure of this invention 
assures an excellent seal of the container and can be injection molded in a clean 
environment or washed, if necessary. Finally, the plastic closure of this invention 

25 accommodates the tolerances of the vial and particularly the buildup of tolerance 
variations in the combination of a conventional vial and elastomeric stopper. Other 
advantages and meritorious features of the present invention will be more fully 
understood from the following description of the preferred embodiments, the 
appended claims and the drawings, a brief description of which follows. 



30 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a side cross-sectional view of one preferred embodiment of the 
plastic closure of this invention secured to and sealing a conventional vial having an 
5 elastomeric stopper; 

Figure 2 is an exploded side cross-sectional view of the open end of a 
conventional vial, elastomeric stopper and the plastic closure shown in Figure 1 prior 
to radial deformation of the free end of the closure; 

Figure 3 is a side partially cross-sectioned view of the assembly shown in 
10 Figure 1 illustrating radial deformation or crimping of the closure; 

Figure 4 is a partial side view of an alternative embodiment of the plastic 
closure of this invention assembled on a vial or other container; 

Figure 5 is a top cross-sectional view of Figure 4 in the direction of view- 
arrows 5-5; 

15 Figure 6 is a side view of a vial and transferset assembly having the plastic 

collar of this invention; 

Figure 7 is a partial side cross-sectional view of an alternative embodiment of 
the vial and transferset assembly; 

Figure 8 is a partial side cross-sectional view of the vial, collar and transferset 
20 assembly similar to Figure 7 of an alternative embodiment of this invention; 

Figure 9 is a partial side cross-sectional view of a vial, stopper and transferset 
assembly of this invention; 

Figure 10 is a partial side cross-sectional view illustrating a further alternative 
embodiment of the vial and transferset assembly of this invention; 
25 Figure 1 1 is a side cross-sectional view of an embodiment of a collar and 

transferset assembly similar to Figure 9 which has been simplified to reduce costs; 
and 

Figure 12 is top perspective view of the transferset shown in Figure 11 
illustrating a preferred embodiment of the peel-off seal. 



30 
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DFTATLED DESC RTPTTON OF THE PREFERRED EMBODIMENTS 

Figures 1 to 3 illustrate one preferred embodiment of the vial, stopper and cap 
assembly 20 of this invention. As set forth above, the closure of this invention may 

5 be utilized to seal various containers and is particularly useful for sealing medicament 
containers such as the conventional vial 22 illustrated in Figures 1 to 3. The vial 
includes an open end 24, an annular radially extending rim portion 26 and a neck 
portion 28 adjacent the rim portion. As best shown in Figures 9 and 10, the neck 
portion 28 of tiie vial has a reduced diameter when compared to the rim portion 26 

10 and the container portion 30. The internal surface 31 of the vial adjacent the open 
end 24 is generally cylindrical. Medicament vials of this type are generally formed 
of glass or a sterilizable plastic. The open end 24 of the vial is typically closed witii 
an elastomeric stopper 32 having a tubular body portion 34 which is received in the 
open end 24 of the vial and a planar rim portion 36 which overlies the rim portion 26 

15 of the vial as shown in Figure 1. The stopper is generally formed of a resilient 
elastomeric material such as synthetic or natural rubber. The central portion 38 of 
the planar rim portion 36 may be pierced with a hypodermic needle, for example, to 
either withdraw fluid from the vial or add a solvent or diluent to the vial where the 
medicament in the vial is a dry or powder drug. The tubular portion 34 of the 

20 stopper has an external diameter generally greater than the internal diameter of the 
internal cylindrical surface 31 of the vial to provide a tight or interference fit. 

One preferred embodiment of the closure 40 is shown in Figure 1 attached to 
a vial 22 and stopper 32 assembly, prior to assembly in Figure 2 and during assembly 
in Figure 3. This embodiment of the collar 40 includes a tubular portion 42 which 

25 surrounds the rim portion 26 of the vial and the planar rim portion 36 of the stopper. 
Where the external surface of the rim portion 26 of the vial is cylindrical, tiie tubular 
portion 42 of tiie collar will generally also be cylindrical. As shown in Figure 1 , the 
free end 44 of the tubular portion 42 is deformed inwardly or crimped beneath the 
adjacent surface of the rim portion 26 of the vial, permanenfly securing the collar 40 

30 on the vial and sealing the vial. This embodiment of the collar 40 also includes an 
integral radial proximate portion 46 which overiies the rim portions 26 and 36 of the 
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vial and stopper, respectively. The radial portion 46 is preferably integral with the 
tubular portion 42 of the collar. This embodiment of the collar 40 also includes a 
central opening 48 which overlies the central portion 38 of the stopper, preferably 
coaxially aligned with the central portion of the stopper. As described below, 

5 however, the central opening 48 may be eliminated in certain applications of this 
invention. As used herein, the terms proximate and distal are used solely for ease of 
description, wherein the term proximate refers to elements or portions of elements 
closest to the rim portion 36 of the stopper and distal refers to elements or portions 
of elements more remote from the rim portion of the stopper. Further, the terms cap 

10 and collar are sometimes used herein interchangeably. The term cap, however, 
generally refers to a closure having a radial portion which overlies the container 
opening and coUar is used to refer to a closure used to secure an element, such as a 
transferset, to the container. 

In this disclosed embodiment, the collar 40 includes a shallow cup-shaped cap 

15 50. In the disclosed embodiment, the cap 50 includes a tubular portion 52 which 
surrounds the proximate portion of the tubular portion 42 of the collar, an integral 
central radial bridging portion 54 and a plurality of U-shaped tabs which, in the 
disclosed embodiment, are integral with the central bridging portion 54. The U- 
shaped tabs 56 are received through the central opening 48 of the collar and snap in 

20 place to securely retain the cap 50 on the collar 40. As shown in Figure 2, the cap 
50 may be preassembled on the collar 40 prior to assembly of the collar on the vial. 
The tabs 56 may also be separate members or the central portion of the cap 50 
including the tabs 56 may be a separate member. 

The collar 40 is then assembled on the vial 22 as shown in Figure 2. In a 

25 typical application, the tubular portion 34 of the stopper is first inserted into the 
opening 24 of the vial 22 generally after the vial is filled. As set forth above, the 
plastic collar 40 of this invention may be used with various containers including 
conventional medicament vials as shown. Thus, in a typical application, the vial 22 
will first be filled with a medicament. The tubular portion 42 of the collar 40 is then 

30 received over the rim portion 36 of the stopper and the rim portion 26 of the vial as 
shown in Figure 3. The free end 44 (shown before deformation in phantom in Figure 



wo 99/53886 



PCT/US99/041J6 



-10- 



3) is then deformed radially beneath the radial rim 26 of the vial by a suitable tool, 
such as the crimping tool 58 shown in Figure 3. The disclosed embodiment of the 
crimping tool includes a conical rim 60 which deforms or crimps the free end 44 of 
the collar beneath the rim 26 of the vial. In a typical application, the tool 58 is 

5 rotated around the rim 26 of the collar 40, deforming or crimping the free end 44 as 
shown in Figures 1 and 3. In certain applications, it may be desirable to heat either 
the free end 44 of the collar or the tool 58 to facilitate crimping. The sealed vial may 
now be stored for later use. 

When the vial is ready for use, the cap 50 may be removed simply by forcing 

10 one side of the cap 50 upwardly away from the collar 40, removing the cap 50 from 
the collar 40 and exposing the central opening 48 of the collar and the central portion 
38 of the stopper. The central portion 38 of the stopper may then be pierced with a 
conventional hypodermic needle, for example, providing access to the container 
portion 30 of the vial. Where the material of the cap 50 is selected to provide 

15 resiliency, such as polyethylene or polypropylene, the tabs 56 will bend under thumb 
pressure, permitting easy removal of the closure 50. Alternatively, where the 
material of the cap is relatively rigid, at least some of the tabs 56 will break also 
permitting removal of the cap. It should also be noted that the radial portion 46 of 
the collar is preferably compressed against the resilient rim portion 32 of the 

20 elastomeric stopper during radial deformation of the free end 44 of the collar to 
assure a secure seal of the vial following installation. The tabs 56 are thus 
compressed into the radial rim 32 of the stopper as shown in Figure 1. 

The polymer selected for the plastic closure of this invention can best be 
described by its required physical properties. The polymer must be sufficiently 

25 malleable to permit radial deformation or crimping, yet sufficiently rigid to retain its 
shape following deformation. The polymer must also be sufficiently resistant to creep 
to maintain the seal between the plasdc cap and the container following radial 
deformation. It has been found that a polymer having an elongation at yield between 
5% and 10% and an elongation at break greater than 100%, combined with a flexural 

30 modulus of greater than 1,900 MPa has superior performance. Where the plastic 
closure of this invention is utilized for sealing vials containing a medicament, the 
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polymer should also be sterilizable and, in certain applications such as the plastic 
collar for a vial transferset described below, the polymer is preferably relatively clear 
and maintains its clarity under the stress of deformation or crimping. It has been 
found that certain polymer alloys or composite polymers including melt blends or 

5 alloys and co-polymers having polymers of different malleability and rigidity are 
preferred in many applications. That is, the plastic closure of this invention is 
preferably formed of a polymer alloy, composite polymer or co-polymer including a 
relatively rigid polymer and a tough relatively soft malleable co-polymer. The most 
preferred polymer is a polymer alloy or melt blend including a polyamid or 

10 polycarbonate as the rigid polymer providing the strength and resistance to creep 
desired for this application. The relatively soft malleable co-polymer may be selected 
from various polymers including polyesters and polyolefms; however, a polymer alloy 
including a polycarbonate or polyamid and a polyester has been found particularly 
suitable for this application. 

15 As will be understood, various polymeric melt blends, alloys, composites and 

co-polymers are being developed on a rapidly increasing basis and therefore the 
plastic collar of this invention is not limited to a specific polymer, provided the 
polymer has the desired physical properties described above. Suitable polymers for 
the plastic collar of this invention include EASTAR® MB polymers, which are melt 

20 blend and alloy polymers and EASTAR® thermoplastic polymers, which are neat 
polymers sold by Eastman Chemical Company of Kingsport, Tennessee and Eastman 
Chemical AG of Zug, Switzerland under the trade names "DA003, DN003" and 
"DN004". These materials are polymer melt blends, alloys and co-polymers of 
polycarbonate or polyamid and polyester. As used herein, the terms melt blends and 

25 alloys refer to polymeric compositions having two or more polymers of different 
physical properties or characteristics, such as the EASTAR® polymers of Eastman 
Chemical Company described above which include a polycarbonate or polyamid and 
a polyester. The polymer selected for the plastic collar of this invention may also 
include fillers and other constituents which would be more accurately described as a 

30 composite. Although the base polymers may still be a polymeric melt blend or alloy. 
As used herein, the term composite is used in its broadest sense to include alloys or 
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melt blends, composites and co-polymers. As will be understood, the manufacturer 
or supplier of the raw material will normally blend the polymers based upon the 
specifications of the customer. The polymers may be co-injected to form a polymeric 
melt blend, alloy or composite or formed by any other suitable processes. It is 

5 anticipated, however, that other polymers having the described physical characteristics 
may also be utilized in the plastic collar or cap of this invention. In certain 
applications, it may also be desirable to coat at least the interior surface 43 of the 
collar shown in Figure 2 with a thermoplastic elastomer, or the entire collar may have 
a thin layer of a thermoplastic elastomer. The thermoplastic elastomer coating may 

10 be applied as a film or by co-injection with the polymer forming the collar 40. The 
collar 40 and the closure 50 may be formed by conventional injection molding 
processes. 

The plastic collar 140 of the vial, stopper and collar assembly 120 shown in 
Figures 4 and 5 may be identical to the collar 40 shown in Figures 1 to 3 except that 

15 the collar 140 includes a plurality of ribs 162 which provide an improved finger 
gripping surface for removal of the cap or closure 50. The vial 22, elastomeric 
stopper 32 and the cap or closure 50 are identical to the same elements in Figures 1 
to 3 and are therefore numbered the same. The collar 140 is numbered in the same 
numerical sequence as the collar 40 in Figures 1 to 3 for ease of reference. As 

20 described above, the cap or closure 50 may be eliminated in certain applications in 
either embodiment by either providing an integral frangible central portion or by 
applying a peel-off seal of paper, plastic, aluminum or foil over the radial portion 46 
adjacent the central opening 48 having a suitable adhesive providing a microbio 
barrier sealing the central opening 48. 

25 Figure 6 illustrates one embodiment of the plastic collar or cap 240 of this 

invention mounted on a conventional vial 22 having a container portion 30 utilized to 
secure a fluid transferset 250. The plastic collar 240 of this invention may be utilized 
to secure any fluid transferset to a suitable container, such as the conventional vial 22 
shown in Figure 6 including but not limited to the fluid transferset disclosed in co- 

30 pending application Serial No. 09/031 ,302 filed February 26, 1998, the disclosure of 
which is incorporated herein by reference. The plastic collar 240 of this invention 
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includes a tubular portion 242 and a free distal end 244 which is deformed radially 
or crimped beneath the rim portion 26 of the vial 22 as described above and shown 
in Figures 7 and 8. In the embodiment of the vial and transferset assembly 220 
shown in Figure 6, the collar includes a radial portion 246 and a second tubular 
5 portion 248 integral with the radial portion 246 having a diameter less than the tubular 
portion 242. In this embodiment, the fluid transferset 250 includes a cup-shaped cap 
or closure 252 having a proximate radial portion 250 as shown in Figures 7 and 8 
which is received between the radial portion 246 of the collar which overlies the rim 
portions of the elastomeric stopper and the vial secured in place by the plastic collar 
10 240. 

Figures 7 and 8 illustrate alternative embodiments of the collar assembly 
shown in Figure 6 which include an elastomeric or rubber element limiting rotation 
of the collar on the vial. In the embodiment of the collar 240 shown in Figure 7, the 
distal free end 244 of the tubular portion 242 includes a groove 264 in the internal 

15 surface 243 which receives a rubber or an elastomeric 0-ring 268. Thus, when the 
free end 244 is deformed radially inwardly or crimped against the underside of the 
rim portion 26 of the vial, the 0-ring 268 is resiliently deformed against the rim 
portion 26 providing torque resistance to turning of the collar 240 relative to the vial. 
In one embodiment of the fluid transferset, the cap 252 is removed prior to use by 

.20 twisting the cap which is provided with a frangible portion 270 formed by the V- 
shaped groove 272 located beneath the tubular portion 248. The frangible connection 
between the distal portion of the cup-shaped cap 248 and the proximate portion 
including the radial flange 252 may take various forms, including, for example, a V- 
shaped continuous or discontinuous groove in the inner or outer wall of the cap. 

25 Thus, it is desirable to increase the torque required to turn the collar 240 relative to 
the vial which is provided by the 0-ring 268. In addition, the 0-ring provides an 
additional seal preventing contamination of the space between the collar and the vial. 
Thus, the 0-ring 268 or the seal disclosed in Figure 8 may be added to the 
embodiments of the plastic collar shown in Figures 1 and 4. In the embodiment of 

•30 the collar assembly 340 shown in Figure 8, the 0-ring has been replaced with an 
annular sealing member 368 which, in the disclosed embodiment, is flat or generally 
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rectangular. The annular sealing member 368 shown in Figure 8 may be formed of 
a suitable elastomeric material, such as natural or synthetic rubber, which is co- 
injected with the polymer forming the collar 240 or 340 or secured to the internal 
surface 243 or 343 of the free end 244 or 344 of the tubular portion of the collar by 
a suitable adhesive. The common elements of the vial, stopper and transferset shown 
in Figures 6, 7 and 8 are numbered the same and the collar 240 and 340 are 
numbered in the same numerical sequence for ease of reference. 

Figures 9 and 10 illustrate alternative embodiments of the plastic collar of this 
invention utilized to secure a vial transferset as described more fully in the above- 
referenced co-pending patent application, wherein the plastic collar forms a part or 
component of the transferset. Again, the vial 22 may be identical to the medicament 
vial described above or other suitable container. The elastomeric stopper 32 may be 
identical to the elastomeric stopper described above except that in this embodiment, 
the tubular portion 34 of the stopper includes conventional axial slots 35 which permit 
freeze drying of liquid in the vial 22. 

The components of the vial fluid transferset disclosed in the above-referenced 
patent application need not be described herein in detail. Briefly, the fluid transfer 
assembly or transferset 462 includes a tubular transfer member 464 and a piercing 
member 466, The tubular transfer member 464 includes a Luer connection 468 which 
in the disclosed embodiment are male threads on the exterior surface of the tubular 
transfer member. The piercing member 466 mcludes a pointed piercing end 470 and 
an external channel 472 which, in the disclosed embodiment, extends from adjacent 
the piercing end 470 to the body or barrel portion 473. The external channel 472 
may be continuous and extend longitudinally as shown or extend spirally or be 
discontinuous. The tubular transfer member 464 includes a proximate internal surface 
474 and a distal internal surface 475 having a diameter less than the internal diameter 
of the proximate internal surface 474 to define a lip 476 which receives the radial 
flange 478 of the piercing member 466, such that the piercing member 466 is retained 
in the tubular transfer member 466 for telescopic movement of the piercing member 
toward the central portion 38 of the elastomeric stopper 32. The proximate end of 
the tubular transfer member 464 in the disclosed embodiment includes a relatively 
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sharp edge 480 which is pressed into the central portion 38 of the elastomeric stopper 
during assembly as described below and includes an integral outer tubular portion 482 
having a radial lip 484 which includes an annular barb 486 which is pressed into the 
radial rim portion 36 of the stopper. 

5 The plastic collar 440 of this embodiment of the invention includes a tubular 

portion 442 which surrounds the planar rim portion 36 of the stopper and the radial 
rim 26 of the vial. In this embodiment, however, the internal surface of the tubular 
portion 442 has a plurality of longitudinal ribs 443 which engage the planar portion 
36 of the stopper and the rim 26 of the container and retains the collar on the 

10 container following preassembly. In the disclosed embodiment, the collar includes 
three ribs 443 spaced equally along the tubular portion 442; however, the number 
may be varied as desired. The free end 444 is deformed radially inwardly or crimped 
around the rim portion 26 of the vial as described above which includes an 
elastomeric 0-ring 488 which limits rotation of the collar 440 on the vial 22. The 

15 collar 440 further includes a radial portion 490 integral with the tubular portion 442 
which overiies the rim portions 36 and 26 of the elastomeric stopper and vial, 
respectively and 484 of the transferset 462. The collar 440 further includes a tubular 
portion which is integral with the radial portion 490, which surrounds the transferset 
462. In this embodiment, the distal tubular portion 496 has an internal diameter 

20 greater than the internal diameter of the proximate tubular portion 494 to more easily 
accommodate receipt of a syringe or intravenous (IV) set connector during use of the 
transferset. In the disclosed embodiment, the distal end of the collar includes a radial 
flange 498 and the distal open end of the collar is sealed with a peel-off seal 500 
formed of paper, plastic, aluminum or foil which is adhesively bonded to the radial 

25 flange portion 498 providing easy access to the transferset 462. 

The plastic collar and transferset assembly of this invention shown in Figure 
9 may be utilized to transfer fluid between the vial 22 or other suitable container and 
a conventional syringe, intravenous set or the like. The seal is removed by removing 
the peel-off seal 500 which provides access to the transferset 462. A conventional 

30 syringe (not shown) having a female Luer Lock connector, for example, may be 
threaded on the male Luer Lock connector 468. As the Luer connectors of the 
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tubular transfer member 464 and syringe are threaded together, the nozzle portion of 
the syringe is received in the tubular transfer member which simultaneously drives the 
piercing end 470 of the piercing member 466 through the central portion 38 of the 
elastomeric stopper providing fluid communication between the vial 22 and the 
interior of the tubular transfer member 464 through external channel 472. In a typical 
appUcation, drugs in a dry or powdered form may be stored in the vial 22 to increase 
the shelf Ufe of the drug. The syringe may be utiUzed to transfer a diluent or solvent 
into the vial to reconstitute the drug which may then be withdrawn into the syringe 
for application to a patient. 

Figure 10 illustrates a further altauative embodiment of the plastic collar and 
transferset of this invention wherein the entire cap is removable. The transferset 462 
including the tubular transfer member 464 and piercing member 466 may be identical 
to the transferset disclosed in Figure 9. Further, the vial 22 and elastomeric stopper 
32 are conventional as shown in Figure 9. 

The embodiment of the plastic collar 540 shown in Figure 10 includes a 
tubular portion 542 which surrounds the planar rim portion 36 of the stopper having 
internal longitudinal spaced ribs 543 which receives the rim portion 26 of the vial to 
assure preassembly of the components on the vial prior to crimping. The free end 
544 of the collar is deformed radially or crimped beneath the rim portion 26 of the 
Stopper as described above. The internal surface of the free end 544 of the collar 
further includes an elastomeric 0-ring 488 as described above which is resiliently 
deformed against the rim portion 26 of the vial preventing rotation of the collar on 
the vial. In this embodiment of the plastic collar 540, the radial portion 546 overlies 
the radial portion 484 of the tubular transfer member and the tubular portion 548 is 
spaced inwardly from the tubular portion 542 to receive a cup-shaped cap 550. As 
shown, the cup-shaped cap 550 includes a cylindrical proximate portion 552, a conical 
portion 554 and a closed end portion 556. In this embodiment, the cap 550 is secured 
to the plastic collar 540 by a twist-off preslit label 560 made of plastic, aluminum or 
foil which provides evidence of tampering. The cap 550 may then be easily removed 
by breaking or rupturing the seal 560 providing access to the transferset 462. 
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The plastic collar 640 as shown in Figure 1 1 is similar to the collar and 
transferset assembly shown in Figure 9 except that the tubular transfer member 664 
is formed integral with the outer tubular portion 682 thereby simplifying the design 
and permitting molding of these parts of the transferset in one piece, which also 
simplifies assembly and reduces the cost. The components of the integral collar and 
transferset assembly of Figure 11 has been numbered where practical in the same 
sequence as the collar and transferset assembly of Figure 9. Briefly, the transferset 
662 includes a tubular transfer member or portion 664 and a piercing member 466 
which in this embodiment is identical to the piercing member 466 shown in Figure 
9 and described above. The tubular member 664 includes a Luer Lock connection 
668 which in the disclosed embodiment are male threads on the exterior surface of 
the tubular transfer member. As described above, the tubular transfer member or 
portion 664 includes a proximate internal surface 674 and a distal internal surface 675 
having a diameter less than the internal diameter of the proximate internal surface 764 
to define a lip 676 which receives the radial flange 478 of the piercing member 466, 
such that the piercing member 466 is retained in the tubular transfer portion 664 for 
telescopic movement of the piercing member toward the central portion 638 of the 
stopper 632. In this embodiment, the elastomeric stopper 632 includes a planar 
portion 636 which is received on the rim 26 of the vial 22 as described above; 
however, in this embodiment of the stopper 632, which is also conventional, the 
generally tubular portion 634 which extends into the internal surface 31 of the vial is 
thicker and the internal surface is arcuate defining an arcuate central portion 638 
which receives the piercing end 470 of the piercing member 466. 

The proximate end of the tubular transfer portion 664 in the disclosed 
embodiment also includes a relatively sharp edge 680 which is pressed into the central 
portion 638 of the elastomeric stopper during assembly as described above. The 
plastic collar 640 of this embodiment includes a tubular portion 642 which surrounds 
the planar rim 636 of the elastomeric stopper and the radial rim 26 of the vial. In this 
embodiment, however, the internal surface of the tubular portion 642 and the radial 
portion 684 includes a plurality of spaced ribs 643 which are pressed into the planar 
portion 636 of the elastomeric stopper, preventing rotation of the collar 640 and 
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transferset on the vial. As described above, the integral collar and transferset is 
permanently secured to the vial by permanently radially deforming the free end 644 
inwardly around the rim portion 26 of the vial which includes an elastomeric 0-ring 
688 which also limits rotation of the collar 640 on the vial 22 and an additional seal 
of the assembly. The outer tubular portion 682 is formed integral with the tubular 
transfer portion 664 by an integral radial annular web 670 forming a rigid assembly 
which is simpler in design and less costly as described above. The radial portion 684 
of the outer tubular portions 682 includes an annular barb 686 having the same 
function as the barb 486 described above. Other details of the preferred embodiment 
of the integral collar and transferset assembly shown in Figure 1 1 will be understood 
from the description above. As will be understood by those skilled in the art, 
however, the integral design of the collar 640, outer tubular member 682 and the 
tubular transfer member 664 may be injection molded in one piece forming a 
relatively rigid structure which eliminates assembly of the individual components and 
reduces costs. 

The peel-off seal 600 shown in Figures 11 and 12 seals the internal 
components of the transferset 662, may be easily removed and provides an indication 
of tampering. The disclosed embodiment of the seal 600 includes a sealing portion 
602 which in the disclosed embodiment is circular to accommodate the shape of a 
conventional vial and may be formed of paper, plastic, aluminum or foil which is 
adhesively bonded to the radial flange portion 698 of the outer tubular portions 682 
as described above. This embodiment, however, includes an integral tab 604 
including a central portion 606 which is welded or adhesively bonded to the outer 
tubular portion 682 of the transferset by glue 608. Securing the central portion 606 
of the seal to the transferset prevents inadvertent removal of the seal and evidence of 
tampering. The free end 610 of the tab may be easily gripped for peeling off the seal 
600 from the transferset. 

As described in regard to the embodiments of the plastic cap shown in Figures 
1 to 5, the plastic collar 440 in Figure 9, 546 in Figure 10 and 640 in Figure 11 are 
preferably secured to the vial 22 by compressing the radial portion 490 in Figure 9, 
546 in Figure 10 or 684 in Figure 11 against the resilient planar portion of the 
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stopper. In the embodiments shown in Figures 9 and 10, the radial portion 490 in 
Figure 9 or 546 in Figure 10 is compressed against the radial portion 484 of the 
tubular transfer member, which compresses the radial portion and the annular barb 
486 against the resilient planar rim portion 36 of the elastomeric stopper during radial 

5 deformation of the free end 444 in Figure 9 and 544 in Figure 10 of the coUar 
beneath the rim 26 of the vial, thereby sealing the vial and securing the collar to the 
vial. In the simplified embodiment of the integral collar and transferset shown in 
Figure 11, the radial portion 684 of the outer tubular portion 682 of the transferset 
is compressed directly against the planar portion 636 of the resilient elastomeric 

10 stopper, which compresses the annular barb 686 against the planar rim portion 636 
of the stopper during radial deformation of the free end 644 of the collar portion 640 
forming a tight seal. The plastic collar 440 and the integral outer tubular portion 494 
in Figure 9, 540 in Figure 10 and the integral collar 640, outer tubular portion 682 
and tubular transfer portion 664 are preferably formed of a polymer having the 

15 physical properties and characteristics described above, thereby permitting crimping 
of the collar on a vial or other container. More preferably, the plastic collar is 
formed of a polymeric melt blend or alloy including a tough relatively soft malleable 
polymer and a relatively rigid polymer and most preferably a polymeric alloy 
including polycarbonate and polyester. As will be understood, however, various 

20 modifications may be made to the plastic closure of this invention within the purview 
of the appended claims. 
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1. A plastic closure for sealing a container having an open end and a 
reduced diameter portion adjacent said open end, said plastic closure having a 

5 generally tubular portion and a portion which is permanently deformed radially into 
said reduced diameter portion of said container, said plastic closure formed of a 
polymer which is sufficiently malleable to permit radial deformation, yet sufficienUy 
rigid to retain its shape following deformation and sufficiently resistant to creep to 
maintain the seal between said plastic closure and said container following radial 

10 deformation. 

2. The plastic closure for sealing a container as defined in Claim 1, 
wherein said polymer is relatively clear and maintains its clarity under the stress of 
deformation. 

15 

3. The plastic closure for sealing a container as defined in Claims 1 or 2, 
wherein said plastic closure is formed of a composite polymer including a relatively 
soft malleable polymer and a relatively rigid polymer. 

20 4. The plastic closure for sealing a container as defined in Claim 3, 

wherein said closure is formed of a polymeric alloy comprising a soft malleable co- 
polymer and said relatively rigid polymer. 

5. The plastic closure for sealing a container as defined in Claims 3 or 4, 
25 wherein said relatively rigid polymer is a polycarbonate or polyamid. 

6. The plastic closure for sealing a container as defined in Claims 3 or 4, 
wherein said relatively soft polymer is a polyester or polyolefm. 

30 7. The plastic closure for sealing a container as defined in Claim 1, 

wherein said polymer has an elongation at yield between 5% and 10% and an 
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elongation at brake greater than 100% with a flexual modulus of greater than 1,800 
MPa. 

8. The plastic closure for sealing a container as defined in Claim 1, 
5 wherein said container includes a radial rim adjacent said open end, said plastic 

closure having a tubular portion surrounding said container rim and an integral radial 
rim portion received over said rim of said container and said tubular portion having 
a free end deformed radially inwardly beneath said rim of said container, and said 
cylindrical tubular portion of said closure including an annular resilient ring retained 
10 on an internal surfece adjacent said free end preventing rotation of said closure on 
said container. 

9. The plastic closure for sealing a container as defined in Claim 1, 
wherein said container includes a radial rim adjacent said open end and an elastomeric 

15 stopper having a portion received within said open end of said container having a 
radial rim portion overlying said rim portion of said container, said closure having 
a tubular portion surrounding said rim portion of said container having a free distal 
end deformed radially inwardly beneath said rim portion of said container and an 
integral proximate radial portion overiying said rim portion of said stopper. 

20 

10. The plastic closure for sealing a container as defined in Claim 9, 
wherein said proximate radial portion of said closure includes a central opening 
overlying a central portion of said stopper and said closure including a cup-shaped cap 
having a tubular portion overlying a proximate portion of said closure and a radial 

25 portion overlying said central opening of said closure and said cap secured to said 
closure by retainer elements received within said central opening of said closure. 

11. The plastic closure for sealing a container as defined in Claim 10, 
wherein said retainer elements are spaced U-shaped tabs integral with said cap 

30 received through said central opening of said closure each having a free end engaging 
a portion of said closure adjacent said central opening. 
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12, The plastic closure for sealing a container as defined in Claim 8, 
wherein said internal surface of said cylindrical tubular portion includes an annular 
groove adjacent said free end and said ring is received in said annular groove. 

5 13. The plastic closure for sealing a container as defined in Claim 8, 

wherein said plastic closure is formed by injection molding and said annular ring is 
formed of an elastomeric material co-injected with said closure or integrally bonded 
on said internal surface adjacent said distal end. 

10 14. The plastic closure for sealing a container as defined in Claim 1, 

wherein said plastic closure includes an elastomeric coating on an internal surface of 
a free end of said tubular portion and said elastomeric coating integrally bonded to 
said internal surface, 

15 15. The plastic closure for sealing a container as defined in Claim 1, 

wherein said tubular portion includes a proximate end having a radial portion adapted 
to overlie a container rim and an integral second tubular portion adapted to receive 
and surround a transferset for transferring fluid from said first container to a second 
container. 

20 

16. The plastic closure for sealing a container as defined in Claim 15, 
wherein said second tubular portion includes an integral tubular transfer member 
located within said second tubular portion forming a part of said transferset, 

25 17. A method of sealing a container with a plastic closure, said container 

having an open end, a radial rim portion surrounding said open end, a reduced 
diameter neck portion adjacent said radial rim and an enclosed container portion 
adjacent said neck portion, said method comprising: 

forming a plastic closure including a generally cylindrical tubular portion 

30 having an internal diameter generally equal to or slightly greater than an outside 
diameter of said rim portion and an integral radial rim portion; 
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disposing said closure over said rim of said container with said radial rim 
portion overlying said rim portion of said container and said generally cylindrical 
tubular portion surrounding said container rim and having a free end overlying said 
neck portion; and 

5 radially permanently deforming said free end of said generally cylindrical 

tubular portion of said closure into said neck portion of said container beneath said 
rim portion, permanently securing said closure on said container and sealing said 
container open end. 

10 18. The method of sealing a container with a plastic closure as defined in 

Claim 17, wherein said method includes forming said plastic closure of a relatively 
clear composite polymer including a relatively soft malleable polymer and a relatively 
rigid polymer and radially permanently deforming said free end of said generally 
cylindrical tubular portion of said closure while maintaining the clarity of said plastic 

15 closure. 

19. The method of sealing a container with a plastic closure as defined in 
Claim 17, wherein said method includes injection molding said plastic closure from 
a polymer alloy comprising a relatively malleable soft polymer and a relatively rigid 

20 polymer, wherein said polymer alloy is formed during said injection molding. 

20. The method of sealing a container with a plastic closure as defined in 
Claim 17, wherein said method includes retaining an elastomeric ring on an internal 
surface of said generally cylindrical tubular portion adjacent said free end prior to 

25 radially deforming said free end, then radially deforming said free of said generally 
cylindrical tubular portion of said closure and said elastomeric ring against a surface 
of said rim portion of said container, said elastomeric ring preventing rotation of said 
closure on said container. 

30 21. The method of sealing a container with a plastic closure as defined in 

Claim 20, wherein said method includes forming an annular groove in said internal 
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surface of said cylindrical tubular portion adjacent said free end and then inserting 
said annular elastomeric ring in said groove. 

22. The method of sealing a container with a plastic closure as defined in 
Claim 20, wherein said method includes forming said plastic closure by injection 
molding said plastic closure and co-injecting said annular elastomeric ring, integrally 
bonding said elastomeric ring on an internal surface of said generally cylindrical 
tubular portion adjacent said free end. 

23. The method of sealing a container with a plastic closure as defined in 

Claim 17, wherein said method includes forming said closure of a polyamid polymer 
or a composite polymer having a relatively rigid soft malleable co-polymer and a 
relatively rigid polymer 

24. The method of sealing a container with a plastic closure as defined in 
Claim 23, wherein said method includes co-injecting a polymer alloy including 
polycarbonate as said relatively rigid polymer. 

25. The method of sealing a container with a plastic closure as defined in 
Claim 17, wherein said method includes co-injecting a polymer forming said closure 
and a thermoplastic polymer on an inside surface of said free end of said closure 
integrally bonding said thermoplastic polymer to said polymer forming said closure. 

26. The method of sealing a container with a plastic closure as defined in 
Claim 17, wherein said method includes inserting an elastomeric stopper in said open 
end of said container, then disposing said closure over said rim portion of said 
container and said stopper and simultaneously compressing said elastomeric stopper 
rim portion and radially permanently deforming said closure cylindrical tubular 
portion free end. 
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27. A sealed vial and transferset assembly comprising a vial having an open 
end, a radial rim portion surrounding said open end and a reduced diameter neck 
portion adjacent said rim portion, and a transferset mounted on said vial open end of 
said vial for tiansferring fluid between said vial and a container, said transferset 
including a plastic collar having a tubular portion surrounding said rim portion of said 
vial having a free end permanentiy deformed radially inwardly into said vial neck 
portion retaining said tiansferset on said vial, said plastic collar formed of a polymer 
which is sufficientiy malleable to permit radial deformation, yet sufficientty rigid to 
retain its shape following deformation and sufficientiy resistant to creep to mantain 
tiie seal between said collar and said vial following deformation. 

28. The sealed vial and transferset assembly defined in Claim 27, wherein 
said transferset includes a fluid transfer assembly mounted on said vial open end and 
said plastic collar includes an integral tubular portion surrounding at least a portion 
of said fluid transfer assembly. 



29. The sealed vial and transferset assembly as defined in Claim 28, 
wherein said fluid transfer assembly includes a tubular transfer member located within 
said integral tiibular portion integral witii said integral tubular portion. 

30. The sealed vial and tiansferset ass«nbly as defined in Claim 29, 
whwdn said tiibular tiansfer member includes a free distal open end having a Luer 
Lock connector. 

31. The sealed vial and transferset assembly as defined in Claim 30, 
wherem said tiibular transfer member includes an integral radial web spaced from said 
Luer Lock connector integrally joined to said integral tiibular portion surrounding said 
tubular transfer member. 
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32. The sealed vial and transferset assembly defined in Claim 28, wherein 
said plastic collar has a closed end portion, sealing said fluid transfer assembly 
th^rdn. 

33. The sealed vial and transferset assembly defined in Claim 32, wherein 
said closed end comprises a sealing member affixed to a free open end of said plastic 
collar. 

34. The sealed vial and transf«:set assembly defined in Claim 27, wherein 
said plastic collar is formed of a polyamid polymer or a composite polymer including 
a relatively soft malleable co-polymer and a relatively rigid polymer. 

35. The sealed vial and transferset assembly defined in Claim 34, wh«ein 

said plastic collar is formed of a polymer alloy comprising a relatively soft malleable 
co-polymer and polycarbonate as said relatively rigid polymer. 

36. The sealed vial and transferset assembly defined in Claim 27, wherein 
said tubular portion of said plastic collar includes an annular resilient ring retained on 
an internal surface of said collar adjacent said free end biased against said vial radial 
rim portion and preventing rotation of said collar on said vial. 

37. The sealed vial and transferset assembly defmed in Claim 36, wherein 
said internal surfece of said tubular portion includes an annular groove adjacent said 
free Old and said resilient ring is received and retained in said annular groove. 

38. The sealed vial and transfwset assembly defined in Claim 27, wherein 
said tubular portion of said plastic collar includes an dastomeric coating on an 
internal surfece thereof integrally bonded to said internal surface. 
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AMENDED CLAIMS 
[received by the International Bureau on 19 August 1999 (19.08.99); 
original claims 1-38 replaced by new claims 1 - 42 (8 pages)] 

L A plastic closure for sealing a container having an open end and a 
5 reduced diameter portion adjacent said open end, said plastic closure having a 
generally tubular portion and a portion which is permanently dcfonned radially into 
said reduced diameter portion of said container, said plastic closure formed of a 
polym^ which is sufficiently malleable to permit radial deformation, yet sufficiently 
rigid to retam its shape following deformation and sufficiently resistant to creep to 
10 maintain the seal between said plastic closure and said contam^ following radial 
defonnation. 

2- The plastic closure for sealing a container as defined in Qaim 1, 
wherein said polymer is relatively clear and maintains its clarity under the stress of 
15 deformation, 

3, The plastic closure fcM- sealing a container as defined in Claims 1 or 2, 
wherein said plastic closure is formed of a composite polymer including a relatively 
soft malleable polymer and a relatively rigid polymer. 

.20 

4. The plastic closure for sealing a container as defined in Claim 3^ 
wherein said closure is fcraied of a polymeric alloy comprising a soft malleable co- 
polymer and said rdatively rigid polymer. 

25 5. The plastic closure for sealmg a contamer as defined in Claims 3 or 4, 

wherein said relatively rigid polymer is a polycarbonate or polyamid, 

6. The plastic closure for sealing a contains as defmed in Claims 3 or 4, 
wherein said relatively soft polymer is a polyester or polyolefin. 

30 

7. The plastic closure for sealing a container as defined in Claim U 
wherein sard polymer has an elongation at yield between 5% and 10% and an 

Amended Sheet (Article 19) 
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elongation at brake greater than 100% with a flexual modulus of greater than 1,800 
MPa. 

S. The plastic closure for sealing a contaiaer as defined in Claim 1, 
wherein said container includes a radial rim adjacent said open end, said plastic 
closnre having a tubular portion surrowiding said container rim and an integral radial 
rim portion received over said rim of said container and said mhular portion having 
a free Md defamed radially inwardly beneam saia nra or saw uouuimcj, mid j,Aid 
cylindrical tubular portion of said closure including an araiular resilient ring retained 
an an internal surfece adjacent said free end preventing rotation of said closure on 
said cQntainer. 

9. The plastic closure for sealing a container as defined in Claim 1, 
vibcieto. said container is a medical vial or cartridge indoding a radial rim adjacent 
said open end and a pieiceable sealing element seaUng said open end of said 
ooDtainn. said dosoie having a tubular portion surrounding said rim portion of said 
container having a free distal end deformed radially inwardly beneath said rim portion 
of said container and an integral proximate radial portion overlying said sealing 
dement. 

10. The plastic closure for sealing a contsdner a& defined In Claim 9, 
wherein said projciinate radial portion of said dosure includes a central opening 
overiying a central portiott of said sealing demeot and said dosure includmg a cup- 
shi^ cap having a tubular portion overlying a proximate portion of said closure and 
a radial portion overlying said central opening of said dosure and said cap secured 
to said dosure by retainer dements received within said central opening of said 
dosure. 

11. The plastic closure fw sealing a container as defined in Clahn 10, 
wherein said retainer elements are spaced U-Shaped tabs tategral witii said cap 
recdved through said central opening of said dosure each havfaig a free end engaging 
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10 



25 



30 



a portion of said closure adjaceni said ceniral opening. 

12. The plastic closure for sealing a container as defined in Claim 8, 
wherein said internal surfece of said cylindrical tubular portion includes an annular 
groove adjacent said free end and said ring is received in said annular groove. 

wherein said plastic dosuic is formed by injection molding and said annular ring is 
fomed of an elastomeric material co-injected with said closure or int^ally bonded 
on said internal Sttr£ace adjacent said distal end. 



14. The plastic dosoie for seeing a container as defined in Claim 1, 
wherein said plastic closure includes an dastomeric coating on an internal surface 6f 

15 a free end of said mbular portion and said elastomeric coating integraUy bonded to 

said intern^ surface. 

15. The plastic dosure for sealing a container as defined in Claim 1, 
wberem said container is a vial having a radial rim portion adjacent said open end and 

20 an dastomeric smpper having a portion received m said open end of siud container 
and a radial rim portion overiytng said vial radial rim portion, said dosure having a 
tubular portion sunoonding said rim portions of said stopper and said vial having a. 
free distal end deformed radially inwardly beneatii said rim portion of said vial and 
c(mq>ressing said rrai portion of said dastommc stoppa. 



16. The plastic dosure for sealing a container as defined in Claim 1, 
whereto said container is a medical cartridge induding an dastomeric seal sealing Said 
open end of said cartridge having a radial rim portion overlying said qKsn end of said 
cartridge, said dosure having a tubular portion smroonding said rim portions of said 
cartridge and said sealing element indudmg a free distal end defbimed radiaDy 
inwardly aionnd said cartridge adjacent said open end compressing said rim portion 
of said sealing elemfflit. 
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17. The plastic closure for sealing a container as defined in Claim 1 , 
whKdn said tubular portion includes a proximate end having a.radiai portion adapted 
to weriie a container lim and an integral second tubular portion adapted to receive 

5 and surround a tiansferset for transferring fluid 

ccMitain^. 

18. The plastic dosuie for sealing a container as defined in Qaim 17, 
wbodn said second tubular pO!rti<m includes an integral tubular transfer member 

10 located wittun said sewMui tubular pwtion fanning a part of said tiansfwset. 

19. A method of sealing a container wittj a plastic dostire, said container 
having an open end, a ladial rim portion surrounding said open end, a reduced 
diameter nedc portioo adjacent said radial rim and an endosed container portion 

15 adja^nt said neck portion^ said method comi«iang: 

forming a plastic closure including a genatally cylindrical tubular portion 
having an intenial diameter generally equal to or sightly greats- than an outside 
diametM of said rim portion and an integral radial lim portion; 

disposing said dosue over said rim of said container with said radial rim 
20 portion overlying said rim portion of said cootataer and said generally cylindrical 
tubular portion surrounding said container rim and having a ftee end overlying said 
nedc porti(Ni; and 

radially permanently defijnning said firee end of said genesally cylindrical 
tubular portion of said dosure into said neck portion of said conlainer beneath said 
,25 rim portion, permaneniiy securing said dosure on said container and sealing said 
container open end. 

20. The method of sealing a container wifli a plastic dosuie as d^ined hi 
Claim 19, wherdn said method indudes forming said plastic dosure of a rdativdy 

rigid polymer and radially permanently defonning said free end of said generally 
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cylindrical tubular pottioii of said closure while maintaining the clarity of said plastic 
closure. 

21. The method of sealing a container with a plastic closure as defined in 

Cl«I«a lO, w*w«r*in oaiA ma*hnA inrhiiif»i iniprtinn moldinp Said OlaStiC ClOSUie frOm 

a polymer alloy comprising a relatively maUeable soft polymer and a relatively rigid 
polymer, wherein said polymer aUoy is formed during said injection molding. 

22. The method of sealing a container with a plastic closure as defined in 
Claim 19, wJierem said mediod mcludes retaiiung an elastomeric ring on an internal 
surface of said geoetaDy <ylindrical tubular portion adjacent said free end prior to 
radiaUy defonning said free cud, then radially deforming said free of said generally 
cylindrical mbufar portion of said dosuic and said elastomeric ring against a surfece 
of said rim portion of said container, said elastomeric ring prcwnting rotation of said 
dosure on said oatainer. 

23. The m^od of sealmg a comaintar widi a plastic closure as defined in 
Claun 22> v/het^ said meOiod nicludcs formm^ an annular ^ve in said mtemal 
surfece of said cylindrical tubular portion adjacent said free end and then inserting 
said annular elastomeric ring m said groove. 

24. The method of sealing a contamo- with a plastic closure as defined in 
Claim 22, wherein said method includes formmg said plastic closure by injection 
molding said plastic dosure and co-mjccting said annular dastomeric ring, integrally 
bonding said elastomeric ring on an httemal surface of said generally cylmdrical 
mbular portion adjacent said free end. 

25. The meUiod of sealhig a container with a plastic closure as defined m 
Claim 19, wherein said method deludes foimmg said closure of a polyamid polymer 
or a composite polymer havujg a rdativcly rigid soft malleable co-polymer and a 
relatively rigid polymer 
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26, The method of sealing a container with a plastic closure as defined in 
Claim 25, wherein said method includes co-injecting a polymer alloy including 
polycffltwnate as said rdatively rigid polymer. 

27. The method of sealing a container with a plasdc closure as defined in 
Claim 19 wherein said meUiod includes co-ii^ecting a polymer forming said closure 
and a fliermoplastic polymer on an inside suifiace of said free end of said closure 
integrally bonding said thermqplastic polymer to said polymer fonning said closure. 

2&. The method of sealing a container with a plastic closure as defined in 
Claim 19, wherein said mefhod indudes sealing said open end of said container wifli 
an dast(H»eric seeing dcmsA having a radial rim porti<» overlying said rim portiwi 
of said container, then dispoang said dosoie over said rim pc^on of said container 
and said sealing elonait and snnultaneously conqiressing said elastomcric sealmg 
dement rim portion and radially pamanently deforming said clostire cyUmhical 
ndnilar portion firee end. 

29. The m^liod of sealing a contaiDer with a plastic dosure as denied in 
Claim 19, wberm said contains is a medical vial, said method including seaUs^ sa»l 
open aid of 82ud vial with an dastomeric stopper having a pwtion lecdved wifliin 
said q)en end of said vial and a radial rim portion ovorlying said radial rim portion 
of said vial and con^jressing said radial rim portion of said dastomeric stopper as said 
fi«e end of said dowre is ddbnncd radially into said neck pwtioii of saM vial. 

30, The method of sealing a container with a plastic closure as deflwd in 
Clahn 19, wh»^dn said container is amedical cartridge, said method induifing sealmg 
said open end of said cartridge with an dastomeric sealing dement havmg a ra^ 
rim portion overlying said radial rim portion of said cartridge and deformmg said 
radial rim portion of said sealing dement as ssdd free end of said generally cyl&drfcal 
tubular portion of said dosure is permanently deformed radially utto said neck portion 
of said cartridge beneath said rim portion. 
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31 . A sealed vial and transferset assembly comprising a vial having an opca 
c«d, a radial rixn pnrri^^t, Kiirrnimding said oTjen ciid and a reduced diameter neck 
portion adjacent said rim portion, and a transferset mounted on said vial open end of 
said vial for transferring fluid between said vial and a container, said transferset 
including a plastic collar having a tubular portion surrounding said rim portion of said 
vial having a free end pennanently deformed radially inwardly into said vial neck 
portion retaining said transferset on said vial, said plastic collar formed of a polymer 
which is sufficiently malleable to permit radial deformation, yet sufficiently rigid to 
retain its shsqw following deformation and sufficienUy resistant to creep to maintain 
the seal between said collar and said vial following defoimaiion. 

32. The sealed vial and transferset assembly defined in Claim 31 , wherein 
said transfterset indudes a fhiid transfer assembly mounted on said vial open end and 
said plastic collar indudes an integral tubular portion surrounding at least a portion 
of said fluid nansfbr assemb^. 

33. The sealed vial and transferset asswnbly as defined in Claim 32, 
wherein said fluid transfer assembly uicludes a tubular transfer member located within 
said integral tubular portion integral with said integral tubular portion. 

34. The sealed vial and ttansfwset assonbfy as defined in Claim 33, 
wherdn said tubular transfer member todudes a free distal open end having a Luer 
Lode connector. 

35. The sealed vial and transferset assembly as defined in Clahn 34, 
wherem said tubular tnmsfer member indudes an integral radial web spaced from said 
Luer Lode comiector iniBgrally joined to said imcgral tabular portion surroundmg said 
tabular transfbr membor. 

36. The scaled vial and transferset assembly d^bjed in Claim 32, wherein 
said plastic collar has a dosed end portion, scaling said fluid transfer assembly 
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tbenan. 

37 . The scaled vial and transferset assembly defined in Qaira 36, wherein 
said closed end comprises a sealing member affixed to a free open end of said plastic 
collar, 

■^8 The sealed vial and transferset assembly defined in Claim 3 1 , wherein 
said plastic collar is formed of a polyamid polymer or a composite polymer including 
a idathreiy soft inalleaWe co-polymer and a relatively rigid polymer, 

39, The scaled vial and aansfeiset assembly defined in Claim 38 , wherein 
said plastic collar is formed of a polymer alloy comprising a rdativdy soft malleable 
co-polymer and polycarbonate as said rdativcly rigid polymer, 

40, Tlje sealed vial and transferset assanbly defined in Claim 31 , wherein 
said tubular portion of said plastic cx»llar includes an annular resHient ring retained on 
an internal surfece of said collar adjacem said free end biased against said vial radial 
rim portion and ptwcntiiig rotatJon of said coUar on said vial- 

41. The sealed vial and transferset assembly defined in Oaim 40, wherein 
said inteinal sarftce of said tabular portion indudes an annular groove adjacent said 
free end and said resilieiit ring is received and retained in said annalar groove. 

42. Thesealed vial and transferset assembfy defined in Caaim 31, wherein 
said mbniar portien of said plastic collar includes an dastoraeric coating on aa 
internal surface thereof integrally bonded to said internal surfece. 
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(57) ABSTRACT 

A needleless access system adapted to be mounted on a vial 
comprising a generally elongated tubular housing having an 
interior dividing wall, flexible hooks projecting upwardly 
from the dividing wall which are diametrically opposed, a 
pair of confronting splines projecting upwardly from the 
interior dividing wall, a hub insert having a piercing tip 
normally supported in an armed position by hook elements, 
a series of outwardly projecting teeth which engage and are 
guided in the splines during axial displacement of the hub 
insert relative to the splined housing, and said hub insert 
having means for mounting a syringe assembly whereby the 
hub insert maybe activated axially guided by the sphnes so 
that the piercing tip engages the stopper in a vial aligned 
therewith. 

3 Claims, 8 Drawing Sheets 
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NEEDLELESS ACCESS APPARATUS AND Daubert et al. U.S. Pal. No. 5,891,129 CONTAINER CAP 

SYSTEM ASSEMBLY HAVING AN ENCLOSED PENETR ATOR 

Issued: Apr. 6, 1999 

This application claims the benefit of U.S. Provisional Niedospial, Jr. U.S. Pat. No. 5,895,383 MEDICAMENT 
Application No. 60/182,628 filed Feb. 15, 2000. 5 CONTAINER CLOSURE WITH RECESSED INTE- 

GRAL SPIKE ACCESS MEANS Issued: Apr. 20, 1999 
FIELD OF THE INVENTION Niedospial, Jr. et al. U.S. Pat. No. 5,90238 MEDICA- 

The present invention relates to needleless access systems MENT CONTAINER STOPPER WITH INTEGRAL 
for use in the medical field whereby medicaments can be ^PIKE ACCESS MEANS Issued: May 11, 1999 



withdrawn from vials into a syringe without exposing the 



Avallone U.S. Pat. No. 5,919,182 MEDICAL FLUID 



SUMMARY OF THE INVENTION 



BACKGROUND OF THE INVENTION 



user lo a sharp syringe needle. More specifically, the present TRANSFER AND DELIVERY DEVICE Issued: Jul. 6, 

invention provides a novel piercing assembly for mounting i-JJ^ 
on a stoppered vial and configured to receive the fitting of a 
syringe barrel to activate the system and withdraw the 

contents of the vial. The present invention provides an improvement over the 

prior art systems discussed above and is characterized by 
novel features of construction and arrangement facilitating 

Activation systems, generally of the type to which the easy and quick and is comprised of parts which are easy and 

present invention relates are not new per se. For example, economical to manufacture and which, when assembled, 

the Aneas U.S. Pat. No. 5,879,345, issued Mar. 9, 1999 for facilitating easy application of the syringe lo withdraw the 

DEVICE FOR CONNECTION WITH A CLOSED CON- contents without exposing the user to risk of hann or injury 

TAINER shows a system including a double pointed needle from a needle puncture or the like, 
mounted in a sleeve overlying the stopper in one container 

which can be activated to transfer liquid products from one ^ ^^^^ DESCRIPTION OF THE DRAWINGS 

container to another. These and other objects of the present invention and 

The Weiler U.S. Pal. No. 5,718,346 for a TORQUE- various features and details of the operation and construction 

RESISTANT CLOSURE WITH A LUER INSERT FOR A thereof are hereinafter more fully set forth with reference to 

HERMETICALLY SEALED CONTAINER discloses con- the accompanying drawings, wherein: 

tainer closures generaUy, and more specifically, to an assem 30 piG. 1 is an exploded perspective view of the various 

bly providmg a torque resKtant closure for a hermeticaUy components of the needleless access system of the present 

sealed containers. Specifically, the invention resides in pro- invention- 

viding a pre-formed closure insert, which in the principal ' . 

embodiment is designated by the numeral (20) permanently 2« ^ an exploded side elevational view of the 

received in the neck portion of a container and formed with 35 components, 

a thermoplastic material wherein the insert (20) is provided FIG- 26 is a side elevational view of the plunger and the 

with a rough surface perimeter providing increased contact plunger housing; 

area between the insert (20) and the inner surface of the FIG. 2c is a top view of Ihe piercing element taken along 

container neck or throat (14) contiguous therewith. One of line 2c — ^2c of FIG. 2a; 

the embodiments, namely that shown in FIG. 12, inciden- ^ pIG. 3 is an enlarged side elevational view of the piercing 

tally shows an environment involving a transfer spike (124). element, shown n broken lines in FIG. 3; 

The Maietta et al. U.S. Pat. No. 5,482,176 for MEM- piQ 4 ^ transverse sectional view of the elongated 

BRANE PIERCING CLOSURE AND SPOUT sleeve for mounting the piercing element; 

ASSEMBLY, discloses a closure system for use particularly t7t/-«c- \ ^ a . • c 

„ ' , , .„ ,^ vr. „ FIG. 5 IS an enlarged fragmentary view or the portions 



on cardboard packages or the like for milk and specifically, 
to a system for cutting an opening in such cardboard 
packages or cartons which functions as a pour spout. The 
closure pour spout assembly as shown in FIG. 4 comprises 



circled in FIG. 4 for locking the device to the vial by way 
of fiex-tangs; 

FIG. 6 is a sectional view taken on lines 6 — 6 of FIG. 4; 



a closure cap (32), a spout member (34) and a piercing FIG. 7 is a bottom plan view ofthe sleeve as viewed along 

fitment (26) which inter-engage and nest in the manner 50 the lines of 7 — 1 of FIG. 4; 

shown in FIG. 4 and actuatable relative to one another FIG. 8 is a transverse sectional view of the needleless 

between the nested position shown in FIG. 4 and an acti- access system of the resent invention; 

vated position wherein the piercing element creates a dis- ^IG. 8a is a sectional view taken on lines 8fl— 8a of FIG. 

charge opening in the carton to allow pouring of the con- g. 

FIG. 9 is an enlarged fragmentary view showing the 

Other prior art includes the patents listed below. mounting arrangement for mounting the sleeve on the vial; 

Kr^'^nr .V/i™?:.^:.'!^'^^^ ^"^Vl?^^^ FIG- 10 is a s^^tional view taken along line 10-10 of 

AND DELIVERY SYSTEM Issued: Dec. 15, 1992 o. ^ 

Szempruch et al. U.S. Pat. No. 5,755,712 TAMPER EVI- • . • r , . r 

DENCE FEATURE FOR STERILE PORT AND CAP 60 , ^^^^ ^ ^°f. """^f needleless access system of 

SYSTEM Issued: May 26, 1998 P'^^°^ mvenlion taken along Ime 11--11 of FIG. 8; 

Niedospial, Jr. et al. U.S. Pat. No. 5,817,082 MEDICA- ^ ^ transverse sectional view showing the pierc- 

MENT CONTAINER CLOSURE WITH INTEGRAL "^g element in an armed position; 

SPIKE ACCESS MEANS Issued: Oct. 6, 1998 FIG. 13 is an enlarged fragmentary view of the luer lock 

Jansen et al. U.S. Pat. No. 5,890,610 VL\L CONNECTOR 65 shown in broken lines of FIG. 12; 

ASSEMBLY FOR A MEDICAMENT CONTAINER FIG. 14 is a transverse sectional view showing a syringe 

Issued: Apr. 6, 1999 barrel plunger mounted on the needle hub assembly; 
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FIG. 15 is a view similar lo FIG. 14, showing the parts 
about to be activated; and 

FIG. 16 is a view showing the syringe needle piercing the 
stopper diaphragm so that the contents of the vial may be 
withdrawn into the syringe barrel. ^ 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to the drawings and, more particularly to FIGS. 
1-3 thereof, there is shown a needleless access system in 
accordance with the present invention for withdrawing 
medicaments from a vial (10) into a syringe (12). The vial 
(10) as best illustrated in FIG. 2fl, has a finish including an 
outwardly flared lip (14) at the discharge end and a buttress 
ring (16) below the lip, consisting of a series of circumfer- 
entially spaced, radially outwardly projecting gears (18) 
defining there between a plurality of circumferentially 
spaced recesses (20). A stopper (22) seats in the discharge 
opening of the vial and has a radially outwardly directed 
flange (24) which engages the axial end face (22^) of the lip 
(14) when it is sealed in the vial in the manner shown in FIG. 
8. 

The syringe assembly (12) comprises an elongated gen- 
erally mbular or cylindrical barrel (30), an elongated plunger ^ 
rod (32) engaging interiorly of the barrel (30) mounting a 
plunger (34) at its end and a finger grip portion (36) at its 
opposite end. The discharge end of the barrel, in the present 
instance, is a luer lock (38) comprising an interiorly threaded 
sleeve (39) spaced firom the dischaige lip (40) of the syringe 
(12). 

The needleless access system further includes an elon- 
gated tubular housing (50) having an interior dividing wall 
(52). Two diametrically opposed flexible hooks (54) project 
upwardly from the inner edge of the dividing wall (52). A 35 
pair of arcuate splines (56) which are likewise diametrically 
opposed also project from the inner edge of the dividing wall 
(52). The hooks (54) and splines (56) provide a mounting 
arrangement for a hub insert (60) as shown in FIGS. 1 and 
2a. The hub insert (60) has a piercing element (62) at its 4^ 
lower end, and a gear element (64) comprising a series of 
circumferentially extending radially, outwardly projecting 
teeth (66) which engage and are guided in the splines (56) 
to allow for axial displacement of the hub insert (60) in the 
spline hotising (50) and wherein the inter-engagement of the 45 
teeth (66) with the splines (56) prevents rotation of the hub 
insert (60). The hub insert (60) has an enlarged hub portion 
(61) and is defined by a series of axially spaced, radially 
outwardly directed circiunferentially extending rings, a 
lower ring (68), an intermediate ring (70), and an upper ring jq 
(72). 

Considering now the lower portion of the main housing 
(50) below the dividing wall (52) has a series of circumfer- 
entially spaced tangs (80) which project radially inwardly 
and upwardly from the lower edge (88) of the housing, as 55 
illustrated in FIG. 4. A companion rib (82) for each of the 
tangs (80) projects radially inwardly and is spaced from the 
tang (80) to define a gap (86) between the tang (80) and the 
rib (82). When the housing (50) is assembled to the vial (10), 
the tangs (80) engage under the buttress ring (16) to firmly go 
seat the dividing wall (52) against the diaphragm or top wall 
(24) of the stopper (22) and the ribs (82) engage in the spaces 
(20a) between the gear portions (20) so that the hub insert 
housing (50) cannot rotate relative to the vial. 

Considering now operation and use of the needleless 65 
access system of the present invention. The major compo- 
nents of the present system, such as the hub insert (60), hub 
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insert housing (50) and vial (10) and stopper (22) are 
pre-asserabled in the manner shown in FIG. 8 after the vial 
has been filled with a medicament under aseptic conditions. 
The opening at the top of the housing (51) may be covered 
with a foil induction seal (53) that maintains the inside of the 
housing (50) and the hub (60) sterile prior to use, the foil 
(53) being removed prior to activation. Note that in this 
position, the hub insert (60) is seated in an unarmed position 
(FIG. 8) wherein the hook portions (54) of the spline 
housing (50) engage in the gap between the lower and 
intermediate rings (70) and the gear teeth (66) engage with 
the splines (56) to prevent rotation of the hub insert (60) in 
the spline housing (50). 

Now when the doctor or nurse wants to withdraw the 
medicament content from the vial, the system is activated by 
removing the foil induction seal (53) from the top of the 
housing (51) (see FIG. 8). This exposes the hub insert (60) 
and the syringe (12) can be assembled simply by turning the 
threaded portion of the syringe over the upper ring (72) of 
the hub to lock the components together in the manner 
shown in FIG. 14. The syringe (12), then, can be piished 
downwardly in the direction of the arrows as shown in FIG. 
15 which releases the hub insert (60) from the hooks (54) 
until the piercing element (62) passes through the diaphragm 
(24) in the manner shown in FIG. 16. The nurse or doctor 
can then draw the syringe plunger (34) upwardly to evacuate 
the medicament (11) from the vial (10) and fill the syringe 
(12). When completed, the syringe (12) is simply rotated to 
release it firom the hub insert (60). The housing (50), hub 
insert (60), and vial (10) do then comprise a disposable 
one-time unit. 

The needleless access system component of the present 
invention holds compression on the stopper flange (24) or 
optional liner to maintain container/closure integrity. The 
compression is achieved by snapping the three flexible tangs 
(80) under the buttress ring (16) of the vial (10). There are 
also three horizontal ribs (82) that engage the gear portion of 
the vial (10). These ribs serve the purposes of holding the 
optional liner in position until placed on the vial, and fliey 
also hinder rotation of the hub-housing relative to the vial. 
In the upper portion of the hub-housing (50) there are two 
flexible hooks 180 degrees apart, which are arranged around 
an internal spline (56). The hooks (54) are used to hold the 
hub (60) between the lower (68) and intermediate rings (70) 
and maintain the hub (60) in this position until activated. 
They also lock the hub (60) in the down or activated position 
by locking above the upper ring (72) on the hub once the 
spike pierces the rubber component. The internal spline (56) 
of the hub-housing (50) is used to engage the front gear 
diameter of the hub to eliminate rotation of the hub relative 
to the hub housing. The stopper finish gear vial is number 6. 
This needleless access system component has a combination 
gear and buttress ring (16). The buttress ring (16) is used as 
a locking feature for the flexible tangs (80) to lock below 
while the gear portion (18) is used to engage the horizontal 
ribs (82) of the hub-housing (50) to hinder rotation. The top 
of the vial (10) was designed with a special lip (14) to 
eliminate the pinching of the stopper flange (24) that 
occurred when placing the hub-housing over a standard gear 
finish vial (10). The special lip (14) allows the flange (24) to 
bend around and under the lip (14) causing the flange (24) 
to stretch thinner which allows the flexible tangs (80) and 
horizontal ribs (82) to pass by without pinching the flange 
(24). 

The Harmony needleless access system of the present 
invention is designed to efiminate accidental needle sticks 
by doctors and nurses. This is possible because the drug can 
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be removed from the vial using a standard syringe without 
attaching a needle to it first. 

The hub (60) will be assembled into the housing (50) in 
the up position or pre-activated position. The opening on the 
top (51) of the housing will be covered with a foil induction 
seal (53) that will keep the inside of the housing (50) and the 
hub (60) sterile prior to use. The foil (53) will be removed 
prior to activation. The drug companies will assemble the 
housing/hub assembly post filling and stoppering of the 
vials. Step 1: The doctor/nurse will activate the system by 
removing the foil induction seal from the lop of the housing. 
Step 2: A standard luer lock syringe will be attached to the 
hub by turning the threaded portion of the syringe over the 
radial flanges of the hub, therefore locking the two compo- 
nents together (see page 3). Step 4: The syringe (12) will 
then be pushed forward to activate the system and locking 
the hub (60) onto the down or activated position (see page 
4). The syringe (12) is then unlocked from the hub (60) by 
rotating in the counterclockwise direction and the contents 
can now be administered to the patient. 

Even though particular embodiments of the present inven- 
tion have been illustrated and described herein, it is not 
intended to limit the invention and changes and modifica- 
tions may be made therein within the scope of the following 
claims. 

What is claimed is: 

1. A needleless access system adapted to be mounted on 
a vial comprising: 
a generally elongated tubular housing having an interior 
dividing wall. 
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flexible hooks projecting upwardly from the dividing wall 

which are diametrically opposed; 
a pair of confronting splines projecting upwardly from the 

interior dividing wall; 
a hub insert having a piercing tip normally supported in an 

armed position by hook elements; 
a series of outwardly projecting teeth which engage and 

are guided in the splines during axial displacement of 
10 the hub insert relative to the splined housing; and 

said hub insert having means for mounting a syringe 

assembly whereby the hub insert maybe activated axi- 

ally guided by the splines so that the piercing tip 

engages the stopper in a vial aligned therewith. 

2. A system as claimed in claim 1 wherein said insert has 
a pair of axially spaced, radially outwardly projecting 
flanges which engage the flexible hooks in the unarmed 
position of the hub insert and are releasable therefrom when 
the hub insert is actuated axially to an armed position. 

3. A system as claimed in claim 1 wherein said main 
housing has a series of circumferentially spaced, radiaUy 
inwardly and upwardly extending tangs and a series of 
companion ribs spaced from the tangs to define a gap which 

25 engage under a buttress ring on the neck of a container to 
firmly seat the dividing wall against a stopper in the con- 
tainer and wherein the ribs engage in the spaces between the 
gear portions of the buttress ring to prevent rotation of the 
said housing relative to the vial. 

* * ♦ ♦ ♦ 



